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FOREWORD 


Greenhouse  culture  has  been  practiced  for  centuries.     In  early 
Roman  times,  cucumbers  were  grown  in  heated  trenches  covered  with 
sheets  of  mica  for  Nero,  other  emperors,  and  their  guests. 

In  the  United  States,  glass  was  too  expensive  to  build  commer- 
cial greenhouses  until  about  1860.     Then  a  cheaper  method  of  drawing 
glass  in  flat  sheets  was  discovered,  and  large  greenhouses  for  grow- 
ing vegetables  and  ornamentals  were  built  near  our  larger  cities  to 
supply  local  markets.     Some  of  these  houses  are  still  in  existence. 

With  modern  transportation,  greenhouses  are  now  being  located 
in  widely  separated  areas  with  favorable  climate,  sunlight,  tempera- 
ture, energy  sources,  and  available  labor. 

Pest  management  or  integrated  control  has,  until  recently,  been 
emphasized  less  in  this  country  than  in  Canada  or  Europe.  However, 
through  adoption  of  findings  by  Federal  and  State  researchers  and  Ex- 
tension workers,  great  progress  has  been  made  in  reducing  the  need 
for  pesticides  by  the  new  horticultural  practices  adopted  by  growers 
in  their  efforts  to  increase  quality  and  yield  of  crops  at  less  cost. 

In  greenhouses,  many  soil  pests,  including  nematodes,  sowbugs, 
centipedes,  symphylans,  earthworms,  slugs,  wireworms,  and  white 
grubs,  have  been  reduced  or  eliminated  by  replacing  soil  with  syn- 
thetic growing  mixtures,  by  using  plastic  barriers  in  growing  beds, 
and  by  constructing  sanitary  benches  that  eliminate  breeding  sites. 
Disease-free  cuttings  or  plants  grown  by  specialists  have  replaced 
those  from  pest-ridden  cutting  beds  of  individual  growers.  Crop 
production  has  been  accelerated  by  control  of  day  length  or  supple- 
mented lighting  and  growth  regulators. 

In  the  mushroom  industry,  individual  growers  have  increased 
their  yields  and  reduced  their  pest  problems  by  procuring  compost, 
prepared  by  specialists,  that  is  uniform  in  quality  and  has  been 
thoroughly  pasteurized  for  maximum  pest  control.     With  forced  air 
ventilation  through  filters  and  screens  that  prevents  ingress  of 
dipterous  insects,  these  growers  have  reduced  their  pest  problems 
still  further. 

We  feel  that  we  are  fortunate  to  have  these  reports  by  leading 
researchers  from  many  countries  on  their  pest  problems  affecting 
greenhouse  crops  and  mushrooms,  for  serious  pest  control  problems 
still  threaten  these  crops  both  in  the  United  States  and  around  the 
world.     These  include  pesticide  resistance  developing  in  such  major 
pests  as  the  greenhouse  whitefly,  green  peach  aphid,  twospotted 
spider  mite,  and  vegetable  leaf miner,  combined  with  lack  of  pesti- 
cide registrations  and  with  a  slowdown  in  the  introduction  of  new 
pest  control  chemicals. 

Thus,  it  is  indeed  appropriate  that  this  exchange  of  innova- 
tive ideas  occur  at  this  time. 

Floyd  F.  Smith,  Ralph  E.  Webb, 
Cochairmen  and  Symposium  Organizers 

Florist  and  Nursery  Crops  Laboratory 

Beltsville  Agricultural  Research  Center 

Beltsville,  Md.  20705 
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RESEARCH  TO  REDUCE  FLY  PROBLEMS  IN  THE  AMERICAN  MUSHROOM  INDUSTRY 
W.  W.  Cantelo,1  J.  S.  McDaniel,2  and  R.  W.  Thimijan3 


INTRODUCTION 

Mushroom  growers  are  faced  with  more  serious  unsolved  insect  problems  than 
most  U.S.  growers.     There  are  two  species  of  flies  that  concern  the  growers, 
Lycoriella  multiseta  (Felt)  of  the  family  Sciaridae  and  Megaselia  halterata 
(Wood)  of  the  family  Phoridae.     [The  former  species  is  also  commonly  referred  to 
as  L.  mali  (Fitch)   (W.  Steffan,  Bishop  Museum,  Honolulu,  Hawaii)  and  the  latter 
species  as  M.  bovista  (Gimmerthal)   (Robinson  1977).]    The  larvae  of  these  flies 
feed  on  and  destroy  the  mushroom  mycelium,  thus  reducing  yields.     One  grower 
told  us  that  following  a  fly  infestation  in  his  mushroom  houses  during  the 
spring  of  1976,  his  yields  dropped  from  15  kg  to  7  kg  per  square  meter.     In  ad- 
dition to  being  destructive  to  the  crop,  the  flies  become  a  serious  neighbor- 
hood nuisance.     They  are  attracted  to  light  and  readily  penetrate  window 
screens,  thus  frequently  becoming  uninvited  guests  at  the  dinner  table. 

Mushrooms  are  grown  in  a  compost  of  horse  manure  and  straw  or  hay  and 
corncobs.     Supplementary  nutrients  may  be  added  to  this  compost.     In  addition, 
a  soil  layer  about  3  cm  in  depth  is  placed  on  top  of  the  compost  to  promote 
sporophore  formation.     Several  hundred  sciarid  flies  can  be  produced  in  a  petri 
dish  of  compost;  therefore  the  fly  production  potential  of  commercial  compost 
is  enormous  since  each  house  of  the  most  common  type  in  the  United  States  con- 
tains about  70  metric  tons  of  compost. 

The  growers  take  many  steps  to  prevent  fly  infestations  and  to  suppress 
those  that  occur.    During  the  composting  process  and  again  before  the  house  is 
emptied  after  the  last  harvest,  the  temperature  in  the  mushroom-growing  beds  is 
raised  by  steam  to  about  60°  C.     This  kills  all  insects  present  unless  cool 
spots  remain.    When  the  air  temperature  has  cooled  to  about  40°  C  after  the 
initial  steaming,  some  growers  place  fine-mesh  nylon  cloth  across  the  doors  and 
ventilators  to  exclude  flies.    However,  most  houses  contain  cracks  in  the  walls 
through  which  flies  can  enter.     After  the  spawn  containing  the  fungal  inoculum 
is  mixed  into  the  compost,  the  surface  of  the  bed  is  covered  with  a  sheet  of 
plastic,  which  helps  to  keep  the  flies  off  the  bed. 

Insecticides,  however,  are  the  main  weapons  used  to  control  the  flies. 
One  diligent  grower  uses  the  following  program  during  warm  weather:     1)  A  re- 
sidual spray  is  applied  to  the  outside  of  the  buildings  about  every  second  day, 
using  a  mixture  of  diazinon  and  methoxychlor  alternated  with  a  mixture  of  mala- 
thion  and  methoxychlor.     2)  A  residual  spray  of  diazinon  is  applied  to  the  in- 
terior walls  and  floors  of  the  mushroom  house  three  times  during  a  production 
cycle.     3)  A  drench  of  malathion  is  applied  directly  to  the  mushroom  beds  three 
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times  during  the  production  cycle.     4)  An  aerosol  of  dichlorvos  (before  casing 
soil  is  added)  or  malathion  (after  casing  soil  is  added)  is  released  in  a  house 
three  times  a  day.     5)  A  mixture  of  malathion  and  pyrethrin  is  dusted  on  the 
beds  three  times  a  week.     6)  Dichlorvos  or  malathion  is  applied  as  a  fog  to  the 
house  interior  daily  or  whenever  the  fly  population  appears  to  be  high.  The 
grower  estimated  that  the  labor  and  chemicals  for  these  treatments  cost  about 
$100  per  day.     An  intensive  control  program  such  as  this  would  seem  to  be  a 
case  of  overkill.     However,  when  we  placed  a  trap  equipped  with  a  blacklight 
(BL)  and  fan  in  a  mushroom  house  shortly  after  production  and  controls  had 
ceased,  we  trapped  about  125,000  phorid  flies  (fig.  1)  in  3  hours.  Obviously, 
improved  controls  are  needed. 


Figure  1. — Phorid  flies  caught  by  blacklight  trap  in  3  hours. 

Several  approaches  to  developing  improved  control  techniques  were  consid- 
ered and  evaluated.     Nonchemical  methods  were  considered  to  be  preferable. 

PARASITIC  NEMATODE  EVALUATION 

In  discussions  between  W.  W.  C.  and  W.  R.  Nickle  (USDA  Nematology  Labora- 
tory, Beltsville,  Md.),  it  was  agreed  that  the  unlit  and  moist  conditions  in 
the  mushroom  houses  appeared  to  provide  an  excellent  environment  for  insect- 
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parasitic  nematodes,  with  the  nematode  DD-136  (Dutky  and  Hough  1955)  having  the 
most  promise  as  a  control  agent.     This  nematode  has  a  wide  host  range  (Dutky  et 
al.  undated)  and  can  be  an  efficient  parasite  if  it  is  not  exposed  to  drying 
conditions  (Jaques  1967) . 

To  evaluate  the  nematode  as  a  control  agent,  compost  containing  mushroom 
mycelium  was  placed  in  petri  dishes  (9  cm  in  diameter)  and  exposed  to  adult 
phorid  or  sciarid  flies. 

After  the  fly  eggs  had  hatched  and  the  larvae  were  in  the  second  or  third 
instar,  a  water  suspension  of  a  large  number  of  nematodes  was  added  to  each 
petri  dish.     The  efficacy  of  this  same  culture  had  been  proven  against  the 
Colorado  potato  beetle  and  the  Mexican  bean  beetle.     Fourteen  dishes  were  in- 
fested with  sciarid  larvae,  half  of  which  were  treated  with  nematodes.  Eight 
dishes  were  infested  with  phorid  larvae  and  half  were  treated  with  nematodes. 
The  efficacy  of  the  nematode  was  determined  by  comparing  adult  fly  emergence  in 
the  nematode- infested  dishes  with  the  emergence  in  the  nematode-f ree  dishes. 
The  phorid  emergence  (mean  +  standard  error)  in  the  treated  dishes  was  109  + 
12  and  in  the  untreated  dishes  was  94  +  21.     The  sciarid  emergence  in  the 
treated  dishes  was  231  +  53  and  in  the  untreated  dishes,  235  +  36.     The  nema- 
tode had  no  effect  on  the  emergence  of  the  two  fly  species. 

This  could  have  been  caused  by  DD-136  migrating  to  the  surface  of  the  com- 
post rather  than  remaining  in  the  interior  where  the  fly  larvae  were  feeding. 
Reed  and  Came  (1967)  observed  the  infective  stages  of  this  nematode  moving  to 
the  soil  surface  after  being  placed  in  the  soil.    However,  W.  R.  Nickle  main- 
tained nematodes  and  fly  larvae  together  for  several  days  on  moistened  filter 
paper  in  a  petri  dish,  and  the  larvae  were  not  parasitized.     This  lack  of  para- 
sitization  may  have  been  because  the  oral  opening  of  the  fly  larva  was  too 
small  for  the  nematode  to  enter.     Entrance  is  usually  by  way  of  this  opening 
(Dutky  1969). 

LIGHT  TRAP  EVALUATION 

Another  approach  to  controlling  the  flies  that  seemed  promising  was  to  use 
light  to  trap  them.     Growers  have  noted  that  flies  are  attracted  to  the  light 
coming  through  the  windows  in  the  vestibules  of  the  mushroom  houses  and  so  have 
placed  sticky  material  on  the  windows  to  trap  the  flies.     At  times  this  method 
traps  large  numbers.     Davis  (1941)  recommended  the  use  of  a  trap  with  a  40-watt 
incandescent  bulb  to  attract  the  flies  and  a  fan  to  blow  them  into  a  bag  of 
cheesecloth.    He  reports  such  a  trap  catching  over  187,000  flies  in  one  24-hour 
period.     He  did  not  name  the  species  trapped.     It  would  appear  that  continual 
removal  of  flies  at  that  rate  would  drastically  affect  the  infesting  population 
and  thus  should  produce  a  degree  of  control. 

To  explore  this  potential  and  to  determine  which  wavelengths  were  most  at- 
tractive, several  F15T8  fluorescent  lamps  emitting  light  of  different  wave- 
lengths were  operated  in  traps  equipped  with  fans,  similar  to  those  described 
by  Stanley  et  al.   (1971).     The  trap  funnel  was  removed  and  replaced  by  a  bag  of 
nylon  netting  to  hold  the  flies. 

The  lamps  used  with  the  traps,  the  power  emitted  at  various  wavelengths, 
and  the  level  of  illumination  of  the  lamps  used  are  given  in  table  1.  The 
level  of  illumination  is  the  highest  reading  from  a  General  Electric  Type  213 
light  meter  placed  against  the  lamp.     BL  lamps  with  two  different  phosphors  were 

used.     One,  designated  "BL-C"  in  figure  2,  contained  a  conventional  phosphor, 
whereas  the  one  designated  "BL-P"  contained  a  Philips  phosphor.     The  radiation 
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output  of  the  two  phosphors  is  similar  (thus  the  two  are  not  separated  in  table 
1) ,  but  the  conventional  has  a  higher  and  narrower  output  curve  below  400  nm. 
The  filtered  blacklight  lamp  contained  a  filter  that  permitted  BL  phosphor 
emission  but  prevented  the  emission  of  most  visible  wavelengths. 

Table  1. — Power  emission  and  level  of  illumination  of  test  lamps 


Color 


Lamp 
desig- 
nation 


Milliwatts  radiated  at  various  wavelengths 
in  nanometers"'" 


Level  of 
illumination 
(kilolux) 


300-400 

400-500 

500-600 

600-700 

Total 

#1 

JL  O 

IF  2 

Filtered 

blacklight 

F15T8-BLB 

1889 

47 

0 

0 

1936 

0.1 

0.1 

Blacklight 

F15T8-BL 

2290 

690 

102 

0 

3082 

1.6 

1.4 

Blue 

F15T8-B 

239 

1344 

522 

74 

2179 

10.2 

8.6 

White 

F15T8-CW 

113 

813 

1353 

594 

2873 

21.5 

24.2 

Green 

F15T8-G 

38 

238 

2376 

62 

2714 

35.0 

37.7 

Gold 

F15T8-GO 

0 

0 

966 

615 

1581 

11.3 

21.0 

Pink 

F15T8-PK 

34 

161 

345 

921 

1461 

9.1 

9.7 

Red 

F15T8-R 

0 

0 

1 

498 

499 

1.4 

1.3 

1  Milliwatts  based  on  data  provided  by  General  Electric  Co.  for  40-watt 
lamps  but  adjusted  for  15-watt  lamps  (X  0.3  adjustment). 

PHORID  COLLECTION 
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Figure  2. — Phorid  flies  caught  in  8  trap-days  by  traps  with  differ- 
ent type  lamps.  Solid  bar  designates  female  collection, 
Open  bar  designates  male  collection. 
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Ten  traps  were  operated  for  4  days  in  each  of  two  mushroom  houses  that 
were  infested  with  M.  halterata  and  L_.  multiseta.     Each  trap  in  a  house  con- 
tained a  different  type  lamp.     One  trap  had  no  lamp  but  the  fan  was  operated*, 
thus  this  was  a  suction  trap  that  served  as  a  control.     Five  traps  were  placed 
at  each  level  in  the  house,  with  each  trap  in  a  different  aisle.     Insects  were 
collected  daily  and  the  trap  location  was  randomly  changed. 

The  number  of  male  and  female  phorids  collected  is  shown  in  figure  2. 
Each  collection  represents  the  number  caught  in  8  trap-days.     Note  that  the 
lamps  emitting  the  shorter  wavelengths  of  light  were  the  most  attractive  to  th 
phorids.     In  this  group  of  lamps,  the  ratio  of  the  sexes  was  about  60  percent 
female  :  40  percent  male.     The  sex  ratio  in  the  suction  traps  was  66  percent  fe 
male  :  34  percent  male.     The  females  appeared  to  be  representative  of  a  normal 
population,  with  their  egg  content  varying  from  none  to  replete. 

The  sciarid  collection  is  in  figure  3.     As  with  the  phorids,  the  lamps 
emitting  the  shorter  wavelengths  of  light  were  the  most  attractive.     Chung  and 
Snetsinger  (1974)  noted  this  also.     Evidently,  all  of  the  lights  repelled  male 
sciarids,  for  very  few  were  trapped  in  any  traps  with  lights,  whereas  the  suc- 
tion traps  caught  77  percent  female  :  23  percent  male. 


Figure  3. — Sciarid  flies  caught  in  8  trap-days  by  traps  with  differ- 
ent type  lamps.     Solid  bar  designates  female  collection. 
Open  bar  designates  male  collection. 


Because  a  total  of  1,221,000  phorids  and  352,500  sciarids  were  trapped, 
the  use  of  light  traps  as  control  agents  appeared  promising.    We  decided  to 
evaluate  the  light  traps  in  commercial  mushroom  houses  using  BL  lamps.  The 
white  light  traps  were  found  to  be  the  most  attractive  to  phorids  in  the  tests 
(fig.  2);  but,  when  fixtures  holding  a  BL  and  a  white  lamp  5  centimeters  apart 
were  exposed  to  a  phorid  population,  it  was  found  that  all  of  the  phorid  flies 
were  attracted  to  the  BL  lamp.     The  flies  gathered  at  the  lowermost  part  of  the 
lamp . 

Six  contiguous  commercial  mushroom  houses  were  used  in  the  control  evalua- 
tion test.     All  of  the  houses  had  two  suction  traps,  one  at  each  level,  placed 
in  the  center  of  the  middle  aisle.     Three  houses  without  light  traps  were  al- 
ternated with  three  houses  that  contained  eight  BL  traps  each.     A  visual  exami- 
nation of  the  houses  gave  us  the  impression  that  considerably  more  flies  were 
present  in  the  upper  levels  of  the  houses.     To  check  this,  in  one  house  a  BL 
trap  was  placed  at  each  level,  several  aisles  apart  from  each  other,  and  oper- 
ated for  12  days.     The  house  used  was  infested  with  both  species  of  flies.  The 
collections  of  phorids  were:  upper  level — 150,440  and  lower  level — 80,600.  The 
collections  of  sciarids  were:  upper  level — 12,300  and  lower  level — 19,000. 
Based  on  these'  results,  we  decided  to  place  the  traps  throughout  the  test 
houses,  as  shown  in  figure  4. 
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Figure  4. — Top  view  of 
mushroom  house  with 
dimensions  of  house 
and  location  of  traps 
Broken  lines  on 
perimeter  locate 
doors . 


L-  LOWER  TRAPS 
U- UPPER  TRAPS 
S-  SUCTION  TRAPS  ▼ 
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Probably  eight  traps  per  house  would  be  more  than  a  grower  would  consider 
practical;  however,  we  did  not  want  the  test  to  fail  because  of  too  few  traps. 
The  trap  itself,  which  was  the  same  as  those  used  in  the  previous  test,  was  too 
large  for  general  acceptance  and  use  in  mushroom  houses  but  if  the  technique 
was  successful  the  bulk  of  the  trap  could  be  substantially  reduced.     The  traps 
were  operated  in  the  six  houses  through  two  production  cycles,  December  1973  to 
May  1974  and  August  to  December  1974.     The  grower  applied  his  usual  pest  con- 
trol practices  in  all  houses,  including  diazinon  residue  sprays  and  dichlorvos 
fogging  in  the  early  production  stages  followed  by  frequent  dusting  with  4  per- 
cent malathion,  0.2  percent  pyrethrum,  and  0.5  percent  piperonyl  butoxide. 

The  trap  collections  during  the  first  production  cycle  are  shown  in  fig- 
ures 5  and  6.     The  synchrony  in  the  population  cycles  between  the  houses  with 
and  without  blacklight  is  close.     The  September  peak  likely  represents  the 
first  brood  of  adults  emerging  and  the  October-November  peaks  the  second  brood. 
The  suction  traps  in  houses  without  BL  caught  1,081,000  flies  vs.  178,000  flies 
in  the  houses  with  BL,  an    84  percent  reduction.     The  BL  traps  caught  5,917,000 
flies.     The  species  trapped  was  entirely  M.  halterata  until  mid-April  when  L. 
multiseta  began  appearing  in  some  houses.     The  preponderance  of  flies  through- 
out both  production  cycles  was  M.  halterata,  however.     It  is  clear  from  the  up- 
ward trend  of  the  population  that  the  BL  traps  did  not  stop  the  increase  of  the 
fly  population. 
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Figure  5. — Phorid  fly  collections  per  house  per  day  by  suction 
traps  for  first  production  cycle. 
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Figure  6.— Phorid  fly  collection  per  house  per  day  by  BL  traps  for 
first  production  cycle. 


The  yield  of  mushrooms  from  the  six  houses  was  as  follows 


No  blacklight 

11  576  kg 
10  287 
10  446 


Total    32  309 


Blacklight 

8  228  kg 

10  655 

11  503 

30  386 


The  trapping  apparently  had  no  effect  on  yields. 

The  trap  collections  during  the  second  production  cycle  are  shown  in  fig- 
ures 7  and  8.     Very  close  synchrony  of  population  fluctuations  is  evident  here, 
too,  when  BL  trap  collections  are  compared  with  the  collections  in  suction 
traps  located  in  houses  without  BL.     In  figure  8,  the  first  and  second  peaks 
are  45  days  apart  and  the  second  and  third  65  days  apart.     The  life  cycle  of  M. 
halterata  is  23  days  at  21°  C,  37  days  at  18°,  and  106  days  at  10°  according  to 
Hussey  (1961) .     The  temperature  in  these  houses  was  about  22°  from  Jan.  6  to 
Feb.  21  (depending  on  the  house)  and  16°  subsequently.     The  suction  traps  in 
houses  without  BL  caught  6,111,000  flies  vs.  1,434,000  in  houses  with  BL.  The 
latter  caught  77  percent  fewer  flies.     The  BL  traps  caught  42,345,000  flies, 
with  one  house  having  over  18  million  flies.     The  difference  in  the  two  trend 
lines  in  figure  7  suggests  that  the  BL  trapping  substantially  suppressed  the 
fly  populations. 


8 


PHORID  FLIES 

10,000r 


SUCTION 


1,000 


100 


-ee 


TRAP  COLLECTIONS 

(16,000) 


(10,300) 


NO  BL 


MARCH 


Figure  7. — Phorid  fly  collections  per  house  per  day  by  suction 
traps  for  second  production  cycle. 
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Figure  8. — Phorid  fly  collections  per  house  per  day  by  BL  traps 
for  second  production  cycle. 


The  mushroom  yields  of  the  six  houses  from  the  second  production  cycle 
follow: 


No  blacklight 


Blacklight 


6  295  kg 

7  726 
5  746 


7  419  kg 
7  575 
6  974 


Total    19  767 


21  968 


The  houses  with  blacklight  produced  11  percent  more  mushrooms  by  weight 
but  the  difference  was  not  statistically  significant. 

It  is  evident  from  these  studies  that,  although  BL  traps  are  efficient  in 
collecting  great  numbers  of  flies,  the  number  trapped  is  insufficient  to  pro- 
vide satisfactory  control.     However,  it  would  be  expected  that  the  removal  of 
this  number  of  flies  would  help  reduce  the  infestation  of  the  other  houses  and 
would  reduce  the  neighborhood  nuisance  problem  of  the  flies.  Dieleman-van 
Zaagen  and  van  de  Geijn  (1975),  on  the  other  hand,  report  obtaining  control 
comparable  to  chemical  treatment  by  using  one  BL  trap  in  a  mushroom  production 
room  beginning  10  days  after  adding  casing  soil,  following  normal  chemical 
treatments  up  to  then.     BL  traps  may  have  a  place  in  an  integrated  control  sys- 
tem along  with  other  suppression  techniques.    As  a  surveillance  tool  for  de- 
tecting early  populations  and  monitoring  the  effectiveness  of  control  measures, 
BL  traps  could  be  very  useful. 


Because  BL  trapping  caught  insufficient  flies  to  prevent  the  buildup  of  a 
destructive  fly  population,  killing  the  flies  with  space  treatments  of  insecti- 
cides was  evaluated.     Presently  the  U.S.  growers  may  use  only  dichlorvos  or 
pyrethrum  for  space  treatments  inside  the  mushroom  house.    More  effective  chem- 
icals and  application  methods  were  sought. 

The  many  beds  and  uprights  in  a  mushroom  house  are  obstacles  to  the  good 
distribution  of  chemicals  needed  to  reach  all  of  the  flying  adult  flies.  Hill 
et  al.   (1970)  report  obtaining  excellent  insecticide  distribution  within  an 
aircraft  using  micronized  dust  in  an  applicator  with  high  pressure  CO2  to  expel 
the  dust.     With  W.  N.  Sullivan  and  B.  M.  Cawley  (USDA  Chemical  and  Biophysical 
Control  Laboratory,  Beltsville,  Md.),  we  employed  a  similar  applicator  using 
micronized  30  percent  resmethrin  at  the  rate  of  2.43  g  Al/100  m^.     The  dust 
(particle  size  was  2-5  micrometers  in  diameter)  was  applied  in  three  ways  in 
four  houses  heavily  infested  with  phorid  flies.     1)  An  applicator  with  two 
nozzles  facing  in  opposite  directions  was  discharged  at  each  level  in  the  cen- 
ter of  the  middle  aisle.     2)  An  applicator  with  one  nozzle  was  discharged  down 
the  three  center  aisles  from  the  door  end  of  each  level — six  shots  in  all.  3) 
An  applicator  with  one  nozzle  was  discharged  in  the  door  at  each  level  of  two 
houses — four  shots  in  each  house.     The  applicator  pressure  was  5.5  megapascals. 
The  distribution  of  effective  quantities  of  insecticide  was  determined  by  plac- 
ing on  the  mushroom  beds  50  cups  containing  stable  flies,  house  flies,  or  face 
flies  randomly  distributed  throughout  the  houses.     The  cups  averaged  about  25 
flies  each.     A  separate  set  of  cups  was  set  aside  as  a  control  and  the  mortal- 
ity of  flies  noted  in  24  hours. 


INSECTICIDE  EVALUATION 
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The  dusting  resulted  in  a  knockdown  of  all  flies  within  15  minutes  and  100 
percent  mortality  within  24  hours.     The  phorid  flies  were  slower  to  be  knocked 
down  and  killed,  but  control  appeared  to  be  complete.     Based  on  the  number  of 
dead  phorid  flies  found  on  the  cups  and  the  percentage  of  bed  space  occupied  by 
the  cups,  it  was  estimated  that  the  number  of  dead  phorids  on  the  beds  in  the 
four  houses  was  667,000;  689,000;  103,000;  and  62,000. 

The  technique  appeared  promising.     Therefore,  it  was  investigated  further 
using  three  resmethrin  dosages  in  houses  in  three  different  locations.     An  ap- 
plication was  made  through  each  of  the  four  doors.     The  effectiveness  of  the 
treatments  was  measured  by  tacking  48  pieces  of  cardboard  (7.6  x  12.7  cm) 
sprayed  on  both  sides  with  a  sticky  material  to  uprights  randomly  chosen  within 
the  mushroom  houses.     One  set  of  cards  was  in  place  24  hours  prior  to,  and  re- 
moved just  before,  the  treatment  and  another  set  for  24  hours  after  the  treat- 
ment . 

For  the  treatment  rate  of  2.43  g  AI/100  m^,  586  flies  were  trapped  pre- 
treatment  and  310  posttreatment ,  a  reduction  of  47  percent.     For  the  treatment 
rate  of  1.21  g  AI/100  m^,  6,072  were  trapped  pretreatment  and  850  posttreatment, 
a  reduction  of  86  percent.     For  the  treatment  rate  of  0.61  g  AI/100  m-^,  6,067 
were  trapped  pretreatment  and  1,922  posttreatment,  a  68  percent  reduction. 

These  results  suggest  that,  if  it  were  possible  to  maintain  a  toxicant  in 
the  houses  continually,  infestation  of  the  compost  could  be  prevented.  Only 
pyrethrin  compounds  are  registered  in  the  United  States  for  use  throughout  the 
mushroom  production  cycle  as  a  space  treatment.     An  experiment  was  conducted 
where  two  houses  were  frequently  treated  with  an  insecticide  containing  0.9 
percent  pyrethrins,  9.0  percent  piperonyl  butoxide,  and  10.1  percent  petroleum 
distillates.     The  insecticide  was  applied  by  a  battery-powered  device  (fig.  9) 
that  activated  a  solenoid  causing  a  discharge  of  100  mg  of  aerosol  every  15 
minutes.     Eight  of  these  devices  were  operated  in  each  of  two  mushroom  houses. 
They  were  placed  in  the  four  corners  at  the  two  levels.     Two  houses  were  un- 
treated.    The  fly  populations  in  the  four  houses  were  monitored  by  using  48 
sticky  cards  per  house,  as  were  used  with  the  micronized  dust. 


Figure  9. — Automatic  insecticide  dispenser.     Manufactured  by 

National  Laboratories  of  Sterling  Drug  Co.,  Montvale, 
N.J.,  as  "Environmental  Space  Programmer." 
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The  collections  on  the  sticky  cards  are  given  in  table  2.    Because  of  the 
large  number  of  flies  trapped  from  Jan.  15  to  Feb.  14,  flies  on  only  half  of 
each  card  were  counted.    From  Feb.  19  to  Mar.  3,  flies  on  one-quarter  of  each 
card  were  counted.     The  data  in  the  table  were  adjusted  to  compensate  for  the 
reduction  in  the  area  counted. 


Table  2. — Number 

of  phorid  flies 

trapped  on  48 

sticky  cards  per  house 

Date 
recorded 

Treated  houses 

Untreated 

houses 

A 

A 

TJ 

D 

c 

D 

Dec.  18,  1974 

122 

258 

75 

4,749 

24 

34 

704 

8 

11,102 

Jan.     1,  1975 

125 

266 

136 

2,658 

8 

24 

161 

30 

1,379 

15 

392 

401 

348 

5,631 

22 

1,222 

2,358 

698 

49,472 

29 

1,996 

8,150 

2,254 

130 , 012 

Feb.  5 

17,820 

22,192 

16,914 

194,196 

14 

43,480 

23,896 

27,920 

238,780 

19 

16,052 

11,556 

8,048 

74,400 

26 

16,560 

14,976 

9,212 

53,820 

Mar.  3 

13,648 

4,972 

14,368 

16,252 

Total 

111,475 

89,890 

80,011 

782,451 

It  is  evident  that  the  treatment  did  not  prevent  the  fly  population's  in- 
creasing.   Although  the  technique  was  ineffective,  the  data  from  this  test  and 
the  preceding  ones  provided  us  with  considerable  information  as  to  where  the 
flies  were  concentrating  in  the  houses.     Figure  10  represents  an  end  view  of 
the  beds  and  shows  the  percentage  found  in  the  different  tiers  of  beds  and  at 
the  various  levels.     The  flies  were  evenly  distributed  across  the  houses  but 
definitely  preferred  the  upper  areas  of  the  houses.     These  upper  areas  are 
more  moist  than  the  lower  areas.    Also  the  flies  may  survive  pasteurization  in 
the  lofts  above  the  beds  and,  when  the  house  cools  down,  move  to  the  nearest 
beds . 
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Figure  10. — End  view  of  beds  in  mushroom  house.  Top  figures  are 
percentages  of  phorid  flies  trapped  in  each  vertical 
set  of  beds.  Side  figures  are  percentages  of  phorid 
flies  trapped  at  each  level  of  beds. 
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Figure  11  represents  a  side  view  of  the  beds  with  the  upper  figures  repre- 
senting the  percentage  found  in  the  different  areas  of  one  house  and  the  lower 
figures  representing  another  house.     Typically  the  flies  concentrated  at  one 
end  or  the  other.     This  concentration  cannot  be  associated  with  any  specific 
feature  of  house  construction,  such  as  being  near  an  external  opening. 


9        7  8  7  15  13         18  22 

i  I 


30  20  12         12  8  8  9 

Figure  11. — Side  view  of  beds  in  mushroom  house.     Figures  are  per- 
centages of  phorid  flies  trapped  along  length  of  house, 
Upper  and  lower  figures  are  percentages  found  in  two 
different  houses. 


Because  none  of  the  foregoing  procedures  provided  adequate  control,  the 
next  possibility  was  to  use  chemicals  incorporated  into  the  compost.  Although 
incorporation  of  thionazin,  diazinon,  chlorf envinphos ,  or  pirimiphos  ethyl  is 
common  in  Europe,  this  method  of  control  is  not  permitted  in  the  United  States; 
malathion  and  methoxychlor  are  the  only  insecticides  that  may  be  applied  di- 
rectly to  the  beds. 

Parsells  (1974)  and  Spencer  et  al.   (1977)  have  demonstrated  in  laboratory 
and  small-scale  mushroom  house  tests  against  M.  halterata  that  diazinon  has  an 
LC^q  of  about  6  p/m  and  will  produce  100  percent  mortality  at  18  p/m  without  a 
significant  reduction  in  mushroom  production.     We  are  conducting  additional  re- 
search to  determine  if  diazinon  is  suitable  for  use  in  commercial  houses  with 
the  intent  of  obtaining  approval  for  commercial  usage. 

Insect  growth  regulators  are  a  unique  group  of  insecticides  that  may  have 
considerable  potential  for  compost  incorporation  because  of  their  effectiveness 
against  some  insect  species  at  very  low  concentrations  and  because  of  their  low 
mammalian  toxicity. 

Methoprene,  an  IGR  compound,  was  evaluated  in  a  laboratory  test  using  the 
10  percent  emulsifiable  concentrate.     Petri  dishes  (9  cm  in  diameter)  were 
filled  with  compost  and  exposed  to  oviposition  by  _L.  multiseta.     The  egg  depo- 
sition was  achieved  by  placing  the  sciarids  in  8.5  x  17  cm  cardboard  cylinders 
with  a  fine-mesh  netting  across  one  end.     The  netting  was  placed  on  the  compost 
and  the  female  sciarids  oviposited  on  the  surface  of  the  compost.  Thirty-two 
petri  dishes  were  thus  infested.     One  set  of  four  dishes  was  treated  with 
methoprene  at  2.5  p/m,  another  at  10  p/m,  and  a  third  set  was  untreated.  The 
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three  sets  were  treated  prior  to  oviposition  and  on  the  same  day.     Two  addi- 
tional sets  were  treated  at  the  rate  of  50  p/m  and  200  p/m,  8  days  after  the 
first  treatment,  when  the  larvae  were  young.     And  another  two  sets  were  treated 
at  50  p/m  and  200  p/m,  14  days  after  the  first  treatment,  when  the  larvae  were 
mature.     The  dishes  were  held  at  22°  C  until  3  days  after  the  final  treatment 
at  which  time  the  temperature  was  lowered  to  16°  to  correspond  to  production 
temperatures  in  a  mushroom  house  and  to  facilitate  collection.     The  fly  emer- 
gence was  as  follows: 


Stage  treated 
Preoviposition 


Young  larvae 


Mature  larvae 


Replicate 

1 

2 
3 
4 

Total 
Percent 
reduction 


1 

2 
3 
4 

Total 
Percent 
reduction 


I 
2 
3 
4 

Total 
Percent 
reduction 


None 

167 

88 

96 
175 
526 


None 

172 
116 
124 
168 
580 


2.5  p/m 

274 

78 

71 

78 
501 


4.8 

50  p/m 

0 
0 
4 
0 

4 

99.3 

50  p/m 

0 
0 
0 
0 
0 

100 


10  p/ 


m 


43 
36 
36 
56 
171 

67.5 

200  p/m 

0 
0 
0 
0 
0 

100 

200  p/m 

0 
0 
0 
0 
0 

100 


The  results  suggest  that  methoprene  deserves  further  study  as  a  compost 
treatment. 

CONCLUSIONS 


Effective  control  of  M.  halterata  and  L_.  multiseta  will  require  the  incor- 
poration of  insecticides  into  the  mushroom- growing  medium.     Space  treatments 
apparently  offer  little  protection  to  the  infested  house  but  may  help  prevent 
movement  of  flies  from  infested  to  uninfested  houses.     Blacklight  could  be  used 
as  a  monitoring  mechanism  to  determine  the  optimum  timing  for  space  treatments. 
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CHEMICAL  CONTROL  OF  FLORICULTURAL  INSECTS  AND  RELATED  PESTS 
IN  NEW  ENGLAND  GREENHOUSES 

Adrian  G.  Gentile^ 


Despite  the  strong  movement  generally  among  citizens  and  local  groups  in- 
terested in  the  protection  of  the  environment  in  New  England  for  a  reduction 
in  the  use  of  pesticides,  the  demand  for  pest-free  commodities  is  undiminished 
at  the  wholesaler  and  consumer  levels. 

The  highly  competitive  New  England  glasshouse  floriculture  industry  faces 
continuous  challenge  from  areas  in  both  the  United  States  and  foreign  coun- 
tries which  enjoy  more  favorable  climatic  conditions  and  lower  production 
costs . 

The  New  England  floriculture  industry  is  heavily  dependent  on  oil  for 
heating  purposes  and  on  the  importation  of  a  large  volume  of  plant  material 
such  as  rooted  cuttings,  foliage  plants,  and  bulbs  from  the  tropical,  sub- 
tropical, and  temperate  areas  of  the  United  States.     This  continuous  flow  of 
plant  material,  for  the  most  part  grown  outdoors  in  the  areas  of  origin,  is 
also  a  vehicle  for  importation  of  a  number  of  species  of  insects  and  related 
pests  often  not  indigenous  to  the  Northeastern  area.     Devastating  outbreaks  of 
these  pests  may  take  place  under  the  usually  favorable  greenhouse  conditions. 

It  is  indeed  regrettable  that  regulations  forbidding  the  importation  of 
infested  f loricultural  plant  material  do  not  exist  or,  where  they  do  exist, 
are  not  adequately  enforced  in  the  Northeastern  States. 

It  is  also  worth  noting  that  most  of  the  New  England  glasshouses  are  rel- 
atively small  family  operations.     For  reasons  of  economy,  the  glasshouses  are 
overcrowded  with  a  variety  of  plant  materials  from  different  sources,  in  dif- 
ferent developmental  stages  and  with  a  rather  uneven  turnover.     These  condi- 
tions greatly  reduce  the  possibility  of  detecting  and/or  monitoring  pest 
populations  and  probably  justify  the  reliance  of  the  glasshouse  operator  upon 
preventative  measures  of  pest  control  that  are  simple,  economical,  and  effi- 
cacious. 

Thus  far  the  means  of  control  have  been  mainly  chemical,  with  the  excep- 
tion of  sporadic  use  of  Bacillus  thuringiensis  preparations.     The  use  of  pes- 
ticides under  glasshouse  conditions  has  been  handicapped  by  recent  Federal 
regulations  requiring  for  each  registered  chemical  the  listing  on  the  label  of 
the  specific  target  pest  and  its  host  plant  and  the  sites  or  locations  in 
which  the  application  of  the  chemical  is  permitted. 

These  regulations  have  deprived  the  glasshouse  operators  of  the  legal  use 
of  a  number  of  well-known,  safe,  and  effective  chemicals  when  the  labels  do 
not  conform  to  the  above  regulations.     They  also  preclude  the  use  of  a  number 
of  new  and  safer  compounds  whose  manufacturers  are  unwilling  to  register  them 
for  use  on  glasshouse  crops  because  of  the  low  cash  return  and  high  liability 
risks.     An  interim  Federal  regulation  which  permits  the  intrastate  registra- 
tion of  badly  needed  chemicals  is  not  faring  very  well  in  some  States  for  a 
variety  of  reasons,  mainly  bureaucratic.     This  situation  in  many  instances 
leads  to  an  open  disregard  at  all  levels  of  responsibility. 


1  Suburban  Experiment  Station,  University  of  Massachusetts,  Waltham, 
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In  the  Northeast,  eradication  or  preventative  control  measures  are  pres- 
ently needed  mainly  against  the  following  pests  of  glasshouse  ornamentals. 

Acarina: 

the  twospotted  mite,  Tetranychus  urticae  (Koch) — introduced  with  plant 
material. 

the  cyclamen  mite,  Steneo tar son emus  pallidus  (Banks) — introduced  with 
plant  material. 

the  broad  mite,  Hemitarsonemus  latus  (Banks) — introduced  with  plant  ma- 
terial. 

the  bulb  mite,  Rhizoglyphus  echinopus  (Famouze  and  Robin) — introduced 
with  plant  material. 

Lepidoptera: 

it 

the  beet  armyworm,  Spodoptera  exigua  (Hubner) — introduced  with  plant  ma- 
terial. 

plume  moths,  Platyptilia  spp. 

leaf  rollers,  Choristoneura  and  Platynota  spp. 

the  cabbage  looper,  Trichoplusia  ni  (Hubner) — migrates  to  the  Northeast 
from  southern  areas. 

Homoptera: 

aerial  and  ground  mealybugs,  Pseudococcus  and  Rhizoecus  spp. — introduced 

with  plant  material, 
the  brown  soft  scale,  Coccus  hesperidum  Linnaeus — introduced  with  plant 

material . 

the  greenhouse  whitefly,  Trialeurodes  vaporariorum  (Westwood)--satisf ac- 
torily  controlled  with  juvenile  hormone  analogue  and  with  pyrethroids. 
aphids,  in  particular  the  green  peach  aphid,  Myzus  persicae  (Sulzer) . 

Hemiptera: 

the  tarnished  plant  bug,  Lygus  lineolaris  (Palisot  de  Beauvois) . 
Thysanoptera: 

flower  thrips,  Frankliniella  spp. — migratory  or  introduced. 
Coleoptera : 

the  black  vine  weevil,  Otiorhynchus  sulcatus  (Fabricius) . 
Diptera: 

fungus  and  root  gnats,  Sciara  and  Bradysia  spp. 
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THE  ROLE  OF  HOST  PLANT  RESISTANCE  IN  THE  MANAGEMENT 
OF  GREENHOUSE  PESTS,  AND  INTERACTIONS  WITH  INSECTICIDES 
AND  PLANT  GROWTH  REGULATORS 

Ralph  E.  Webb1 


Over  the  last  10  years,  I  have  studied  the  susceptibility  of  greenhouse 
crops  to  a  number  of  their  major  arthropod  pests.     This  included  chrysanthe- 
mum, rose,  poinsettia,  geranium,  and  tomato  to  spider  mites,  several  aphid 
species,  greenhouse  whitefly,  Liriomyza  leaf miner,  slugs,  flower  thrips, 
Japanese  beetles,  and  leaf rollers.     In  addition  to  considerable  screening,  I 
have  studied  the  interaction  of  host  plant  resistance  with  a  number  of  factors, 
including  temperature,  host  age,  pesticides,  plant  growth  regulators,  and  air 
pollutants  (Gentile  et  al.  1968,  1969,  Webb  1972,  Webb  and  Argauer  1974,  Webb 
and  Smith  1969,  1970,  1973,  Webb  et  al.  1971).     Much  of  this  work  remains  un- 
published.    In  this  paper  I  wish  to  present  a  brief  overview  of  some  of  my 
findings  and  their  possible  significance. 

AN  EXPERIMENTAL  HOST: PEST  SYSTEM 

One  host  plant-insect  pest  system  that  I  have  found  useful  in  host  plant 
resistance  interaction  studies  is  the  green  peach  aphid,  Myzus  persicae  (Sul- 
zer),  on  chrysanthemum.     That  is  to  say,  I  work  with  five  or  so  cultivars  of 
varying  aphid  susceptibility  at  any  one  time.     The  relative  susceptibilities 
of  the  cultivars  used  in  this  system  were  demonstrated  in  the  following  test. 

Chrysanthemum  plants  were  assembled  in  a  laboratory  and  held  under  con- 
stant lighting  at  21°  C.     There  were  four  randomized  blocks,  each  containing 
one  plant  of  the  following  five  cultivars:   'Mefo,'   'Shasta,'    'Iceberg,'  'Good 
News,'  and  'Fred  Shoesmith.'     The  plants  were  set  in  water-filled  petri  dishes 
which  served  as  moats  to  prevent  interplant  movement.     The  set  had  been  pre- 
viously infested  with  M.  persicae.     An  initial  count  was  made  of  the  popula- 
tion on  each  plant  and  a  subsequent  count  was  made  20  days  later.  Records 
were  kept  on  the  number  of  aphids  in  each  of  three  plant  regions:  the  bottom, 
the  middle,  and  the  top. 

The  increase  of  the  aphid  population  on  each  of  the  five  cultivars  during 
the  period  of  the  test  is  given  in  table  1,  which  also  gives  the  percentage  of 
the  population  present  in  each  of  the  three  plant  regions. 

There  were  wide  variations  in  the  increase  of  M.  persicae  on  the  several 
cultivars,  with  Mefo  being  the  most  susceptible,  and  Iceberg  showing  consider- 
able resistance.     The  other  cultivars  were  intermediate  in  resistance.  This 
pattern  held  in  the  following  experiments  fairly  well,  except  that  the  three 
intermediate  cultivars  varied  from  test  to  test  with  respect  to  one  another. 


Florist  &  Nursery  Crops  Laboratory,  Beltsville  Agricultural  Research 
Center,  Agricultural  Research  Service,  USDA,  Beltsville,  Md. 
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Table  1.™ Total  number  of  green  peach  aphids  on  4  plants  of  each  of 
5  chrysanthemum  cultivars  at  the  beginning  of  Experiment  1 
and  20  days  later,  plus  the  percentage  of  the  20-day  count 
in  each  of  3  plant  regions  (the  bottom,  the  middle,  and 
the  top) 


Percentage  of  20-day  count 
Total  number  of  aphids  in  each  plant  region 

Initial  20  days 


Cultivar 

count 

later 

Bottom 

Middle 

Top 

Iceberg 

47 

20 

15 

60 

25 

Good  News 

51 

160 

13 

7 

80 

Shasta 

52 

467 

48 

12 

40 

Fred  Shoesmith 

53 

616 

60 

21 

19 

Mef  o 

50 

889 

50 

20 

30 

5  cultivars 

253 

2,152 

49 

18 

33 

ALTERATION  OF 

HOST  PLANT 

RESISTANCE  LEVELS 

BY  CULTURAL 

FACTORS 

One  factor  that  may  alter  the  level  of  resistance  of  a  greenhouse  plant  to 
its  insect  pests  is  the  use  of  a  plant  growth  regulator.     An  examination  of  the 
literature  indicates  that  the  application  of  plant  growth  regulators  to  crops 
may  well  affect  the  physiological  balance  between  the  crop  plant  and  its  pests. 
Resultant  changes  in  this  balance  may  be  either  beneficial  or  detrimental  to  a 
particular  pest.     With  respect  to  chrysanthemum,  growth  retardants  are  already 
widely  used  for  height  control,  and  possible  uses  for  other  plant  growth  regu- 
lators exist  in  the  literature.     To  examine  some  of  the  effects  that  plant 
growth  regulators  have  on  crop  plant-insect  pest  interactions,  especially  on 
the  relative  resistance  level  of  a  cultivar  to  its  pests,  the  chrysanthemum- 
aphid  system  described  above  was  employed  as  an  experimental  model  to  which 
several  plant  growth  regulators  were  applied  at  approximately  commercial  dos- 
ages. 

The  growth  regulators  used  in  the  following  test  were  all  applied  with  a 
surfactant,  0.1%  Tween  20,  to  improve  wetting  properties.     All  treatments,  as 
aqueous  solutions,  were  sprayed  on  the  plants  to  the  point  of  runoff  with  an 
electric  paint  sprayer  and  included  1)  gibberellic  acid  (1,000  p/m),  2)  SADH 
(5,000  p/m),  3)  maleic  hydrazide  (2,000  p/m),  4)  ethephon  (4,000  p/m),  5)  a 
0.1%  Tween  20  surfactant  control,  and  6)  an  untreated  control. 

Five  plants  from  each  of  six  cultivars  (Shasta,  Mefo,  Fred  Shoesmith, 
Good  News,  Iceberg,  and  Vanguard)  were  used  in  each  treatment.     The  plants 
were  cultured  as  described  previously  and  were  treated  3  weeks  after  pinching. 
The  plants  were  held  in  a  small  detached  greenhouse  for  17  days  after  treat- 
ment.    At  the  end  of  this  period,  the  plants  showing  growth  patterns  charac- 
teristic of  the  treatments  were  brought  into  a  laboratory  and  held  at  21°  C 
under  constant  lighting.     The  plants  were  then  arranged  in  five  randomized 
blocks  and  individually  surrounded  by  water  moats  to  prevent  interplant  aphid 
movement.     Five  adult  apterous  alienicolae  green  peach  aphids  of  undetermined 
age  were  placed  on  the  top  leaves  of  each  plant  with  a  camel' s-hair  brush  and, 
after  7  days,  counts  were  made  of  the  adults  and  nymphs  on  each  plant. 

As  seen  in  table  2,  of  the  900  adult  aphids  placed  on  the  plants  at  the 
beginning  of  the  test,  only  204  were  present  at  the  end.  Although  mortality 
cannot  be  ruled  out,  it  is  more  likely  that  the  aphids  left  the  plants. 
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Almost  all  of  the  adults  left  the  untreated  control  plants,  the  surfactant  con- 
trol plants,  and  the  SADH-treated  plants  regardless  of  cultlvar.     The  fact  that 
the  aphids  left  the  plants  in  the  control  treatments,  even  plants  of  a  highly 
susceptible  cultivar  such  as  Mefo  on  which  they  normally  reproduce  well,  may  be 
due  largely  to  their  being  transferred  from  the  plant  species  (collards)  on 
which  they  were  reared  to  a  new  plant  species  (chrysanthemum)  to  which  they 
were  unaccustomed.     As  van  Emden  et  al.   (1969)  pointed  out,  M.  persicae  is  a 
"restless"  aphid  and  may  leave  even  a  favorable  host.     Somewhat  more  adults  re- 
mained and  reproduced  on  the  gibberellic  acid  (GA)-treated  plants,  especially 
on  plants  of  the  cultivar  Fred  Shoesmith. 

Table  2, — Numbers  of  adults  and  adults  plus  nymphs  present  on  5 

plants  of  each  of  6  chrysanthemum  cultivars  for  each  of 
6  treatments  7  days  after  5  adult  apterous  alienicolae 
green  peach  aphids  were  placed  on  each  plant 


Control 

(no 

(sur- 

treat- 

fac- 

ment) 

tant) 

SADH 

GA 

MH 

phon 

Total 

Ex-  „ 

pected 

Cultivar 

A1A+N2 

A  A+N 

A  A+N 

A 

A+N 

A  A+N 

A  A+N 

A 

A+N 

Iceberg 

2  4 

1  3 

1  2 

0 

0 

6  31 

13  59 

25 

99 

150 

Shasta 

1  2 

0  2 

0  1 

0 

1 

13  44 

12  89 

26 

139 

150 

Fred  Shoe- 

smith 

1  10 

2  9 

4  13 

15 

59 

6  29 

16  83 

44 

203 

150 

Good  News 

2  16 

1  4 

1  1 

6 

19 

6  32 

17  164 

33 

210 

150 

Mefo 

0  3 

0  6 

0  2 

4 

42 

10  83 

17  144 

31 

280 

150 

Vanguard 

1  _A 

I  ii 

3  11 

_4 

14 

15  110 

17  164 

45 

322 

150 

Total  for 

treatment 

7  39 

9  43 

9  30 

29 

135 

56  329 

92  703 

204 

1253 

Expected 

adults 

150  — 

150  --    150  — 

150 

150  — 

150  — 

900 

1  Adults. 

2  Adults  plus 

nymphs . 

3  Number  of  adults  that 

would 

have 

been 

present 

had  no  adults  died  i 

left  the  plants. 

However,  over  one- third  of  the  original  adults  remained  and  reproduced  on 
the  maleic  hydrozide  (MH)-treated  plants,  while  two-thirds  of  the  adults  re- 
mained and  reproduced  on  ethephon-treated  plants,  with  considerable  popula- 
tions being  found  on  plants  of  all  cultivars  in  these  treatments.  Clearly, 
the  application  of  MH,  and  especially  the  application  of  ethephon,  made  this 
host  plant,  considered  as  a  species,  much  more  acceptable  to  the  newly  placed 
green  peach  aphids,  thus  demonstrating  that  certain  agricultural  practices  can 
alter  that  point  of  the  insect-host  plant  relationship  where  the  aphid  tests, 
accepts,  and  settles  down  on  the  plant. 

The  relative  amount  of  aphid  resistance  possessed  by  the  cultivars  was 
less  important  than  the  growth  regulators  used  in  this  test,  although  popula- 
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tions  of  both  adults  and  adults  plus  nymphs  tended  to  be  higher  on  susceptible 
cultivars  than  on  resistant  ones  in  the  MH  and  ethephon  treatments  at  the  end 
of  the  test. 

The  previous  experiment  indicated  that  ethephon  application  increased  the 
susceptibility  of  chrysanthemum  plants  to  aphids .     This  reaction  was  confirmed 
as  follows:     Plants  of  the  cultivars  Iceberg,  Fred  Shoesmith,  Good  News, 
Shasta,  and  Mefo  were  sprayed  to  the  point  of  runoff  with  2,000  or  4,000  p/m 
ethephon  solutions  applied  with  a  surfactant  or  with  a  0.1%  Tween  20  surfactant 
alone  (controls) .     All  plants  had  been  pinched  earlier  and  each  had  three 
stems.     Forty-five  days  after  treatment,  the  plants  were  brought  into  a  labora- 
tory and  held  at  21°  C  under  constant  lighting.     The  plants  were  arranged  in 
four  randomized  blocks  and  were  surrounded  by  water  moats  to  prevent  interplant 
aphid  movement.     Five  adult  apterous  alienicolae  green  peach  aphids  (cultured 
on  collards)  were  placed  on  one  stem  of  each  plant;  and,  2  days  later,  five 
adult  apterous  alienicolae  bean  aphids  (Aphis  f abae  Scopoli)  cultured  on  chry- 
santhemum were  placed  on  a  second  stem  of  each  plant.     After  10  or  8  days, 
respectively,  for  the  two  aphid  species,  counts  were  made  of  the  population  of 
each  aphid  species  for  each  of  three  zones  (bottom,  middle,  top)  of  each  plant. 

Table  3  gives  the  total  numbers  of  both  aphid  species  found  in  each  of  the 
plant  zones  as  well  as  the  totals  for  the  entire  four  plants  for  each  cultivar 
in  each  treatment  at  the  end  of  this  experiment.     The  green  peach  aphid  adults 

Table  3. — Total  number  of  aphids  (£)  on  4  plants  of  each  of  5  chrysanthe- 
mum cultivars  at  2  ethephon  levels  plus  a  control  at  the  end  of 
Experiment  5,  plus  the  total  number  of  aphids  in  the  bottom  (B), 
middle  (M) ,  and  top  (T)  zones  of  these  plants.     M.  persicae  and 
A.  f abae  compared  directly  on  the  same  plants 


Ethephon 

M.  persicael 

A. 

f  abae2 

Cultivar 

(p/m) 

B 

M 

T 

Z 

B 

M 

T 

E 

Iceberg 

0 

124 

32 

4 

160 

12 

17 

248 

277 

2,000 

266 

91 

60 

377 

4 

6 

487 

497 

4,000 

253 

166 

421 

840 

0 

0 

634 

634 

Good  News 

0 

1 

2 

5 

8 

5 

2 

75 

82 

2,000 

41 

10 

494 

545 

3 

0 

483 

486 

4,000 

36 

17 

498 

551 

1 

0 

499 

500 

Fred  Shoe- 

0 

52 

69 

10 

131 

10 

4 

127 

141 

smith 

2,000 

11 

61 

107 

179 

2 

5 

162 

169 

4,000 

42 

103 

154 

299 

0 

31 

144 

175 

Shasta 

0 

48 

14 

0 

62 

15 

6 

225 

246 

2,000 

126 

248 

78 

452 

0 

0 

393 

393 

4,000 

100 

42 

102 

244 

0 

0 

384 

384 

Mefo 

0 

128 

197 

22 

347 

1 

57 

195 

253 

2,000 

108 

130 

427 

665 

1 

1 

635 

637 

4,000 

84 

120 

527 

731 

0 

0 

499 

499 

Total 

0 

353 

314 

41 

708 

43 

86 

870 

999 

2,000 

512 

540 

1,166 

2,218 

10 

12 

2,160 

2,182 

4,000 

515 

448 

1,702 

2,665 

1 

31 

2,160 

2,192 

1  Total  number  of 

aphids 

present  on  4 

plants 

10  days 

after 

placing 

5 

adults  on 

each  plant. 

2  Total  number  of 

aphids 

present  on  4 

plants 

8  days 

after  placing  5 

adults  on  each  plant. 
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accepted  the  host,  settled  down,  and  reproduced  much  better  in  this  test  on 
the  control  plants  than  they  had  done  in  the  previous  experiment,  although  the 
low  total  seen  on  the  Good  News  control  plants  was  certainly  due  to  aphid  de- 
parture.    At  any  rate,  many  more  aphids  were  present  on  plants  receiving  ethe- 
phon  treatment,  at  either  concentration,  than  were  found  on  control  plants. 
This  was  due  in  part  to  more  aphids  leaving  the  control  plants  than  left  the 
ethephon-treated  plants  and  in  part  to  an  increased  rate  of  reproduction  on 
ethephon- treated  plants. 

The  bean  aphids  in  this  test  also  accepted  the  host,  settled  down,  and 
reproduced  much  better  on  ethephon-treated  plants  than  on  control  plants. 

The  literature  indicates  that  some  plant  growth  regulators  can  exert  great 
disruptive  effects  on  plant  metabolism.     My  results  suggest  that  aphids  are  in 
some  cases  able  to  utilize  these  changes  for  their  own  benefit.     Generally,  the 
benefits  to  the  aphid  were  greater  when  the  plant  growth  regulators  were  ap- 
plied to  resistant  cultivars  than  when  applied  to  susceptible  ones,  since  the 
aphids  were  already  reproducing  with  good  efficiency  on  the  susceptible  culti- 
vars . 

Several  assumptions  made  during  the  course  of  this  study  are  illustrated 
in  table  4.     First,  the  chrysanthemum  cultivars  all  possessed,  at  varying 
levels,  chemicals  that  were  repellent  to  M.  persicae ,  such  as  those  reported  by 
Wyatt  (1969).     Secondly,  following  the  precepts  of  the  dual  discrimination 
theory  (Kennedy  1953,  Kennedy  and  Booth  1951),  I  assumed  that  the  susceptibil- 
ity of  a  chrysanthemum  plant  depends  on  a  balance  of  1)  its  nutritional  value 
for  the  aphid,  and  2)  the  concentration  of  repellent  chemicals  present  in  the 
plant.     Therefore,  if  a  plant  was  highly  nutritious  for  the  aphid,  the  gusta- 
tory sensory  mechanism  would  dominate  over  the  "token  substances"  sensory  mech- 
anism, and  thus  the  aphid  would  colonize  that  plant,  even  in  the  face  of  moder- 
ate amounts  of  repellent  chemicals.     If,  however,  the  nutritional  level  was 
adequate  for  aphid  reproduction  but  not  at  a  relatively  high  level,  aphids  un- 
accustomed to  the  repellent  substances (again  present  at  moderate  levels)  would 
tend  not  to  accept  the  plant  as  a  host,  whereas  aphids  accustomed  to  the 
chemicals  would  stay  on  the  plant.     But,  if  the  plant  was  poor  in  those  nutri- 
ents required  by  the  aphid,  the  repellent  substances  would  tend  to  make  the 
plant  quite  aphid  resistant.     A  third  assumption  was  that  plants  of  a  cultivar 
can  vary  in  their  nutritional  value  for  the  green  peach  aphid  or  bean  aphid  in 
response  to  various  environmental  and  cultural  factors,  including  the  applica- 
tion of  plant  growth  regulators. 


Table  4. — Induced  resistance  of  plants  to  polyphagous  pest  insects 
as  interpreted  by  the  Dual  Discrimination  Theory 


Insect  reaction 


Initial  host 

Growth  of 

Level  of  "repellents" 

Level  of  "nutrients" 

acceptance 

settled  population 

Low 

Indifferent 

Poor 

Low 

Medium 

Good 

Fair 

High 

Good 

Good 

Low 

Poor 

Poor 

Med  ium 

Medium 

Variable 

Fair 

High 

Good 

Good 

Low 

Poor 

Poor 

High 

Medium 

Poor 

Fair 

High 

Variable 

Good 
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A  possible  explanation  for  the  observed  effects  of  the  plant  growth  regu- 
lators on  the  aphid-chrysanthemum  system  lies  in  how  these  chemicals  affect 
what  Kennedy  and  Booth  (1951)  called  the  "leaf  age  composition"  of  the  plant, 
which  they  defined  as  the  amount  of  growth  and  senescence  going  on  among  the 
total  complement  of  the  leaves  of  a  plant.     These  effects  for  the  chemicals 
used  in  this  study  can  be  summarized  as  follows. 

1)  Plant  growth  retardants  can  cause  changes  in  the  leaf  age  composition 
detrimental  to  aphids  by  retarding  both  the  terminal  growth  and  the  senescence 
of  the  lower  leaves,  thus  reducing  the  overall  soluble  nitrogen  level  of  the 
plant.     Van  Emden  (1969)  associated  such  a  decrease  in  plant  soluble  nitrogen 
with  increased  resistance  of  Cycocel-treated  brussels  sprout  plants  to  M.  per- 
sicae  and  Brevicoryne  brassicae.     However,  in  the  present  study,  SADH  had  no 
apparent  effect  on  the  initial  acceptance  of  the  host,  on  the  rate  of  repro- 
duction, or  on  the  stratification  of  the  population  on  the  plant,  of  M.  per- 
sicae  on  chrysanthemum. 

2)  Gibberellic  acid  is  quite  variable  in  its  effect  on  those  aspects  of 
the  physiology  of  a  plant  that  would  affect  the  plant's  susceptibility  to 
aphids.     In  the  present  study,  GA  had  little  obvious  effect  on  aphid-chrysan- 
themum interactions. 

3)  Maleic  hydrazide  causes  massive  disruption  of  the  phloem  sieve  tube 
elements  of  a  number  of  plant  species  (Esau  1957) .     This  in  turn  leads  to  a 
disruption  of  normal  translocation  of  compounds  from  one  plant  part  to  another 
resulting  in  an  increase  in  the  level  of  labile  carbohydrates  (Mclbrath  1950, 
Greulach  1953,  Birch  and  Vickery  1961)  and  of  soluble  nitrogen  (Petersen  and 
Naylor  1953,  Livingston  et  al.  1954,  Fults  and  Payne  1956)  in  the  leaves  and 
other  parts  of  the  plants  treated  with  MH.     Samborski  and  Shaw  (1957a,  1957b) 
and  Forsyth  and  Samborski  (1958)  reported  that  the  resistance  of  a  wheat  vari- 
ety to  a  number  of  races  of  stem  rust,  Puccinia  graminis  (Pers.)  [sic]  f.  sp. 
tritici  Erckss.  and  Henn. ,  was  broken  after  treatment  with  MH,  which  also  had 
the  effect  of  increasing  the  carbohydrate  and  soluble  nitrogen  levels  of  the 
leaves  of  plants  so  treated.     They  attributed  the  altered  resistance  of  the 
wheat  variety  to  rust  disease  to  the  observed  alteration  of  the  host  metabo- 
lism.    In  the  present  study,  the  resistance  of  chrysanthemum  cultivars  to  the 
green  peach  aphid  was  altered  to  the  benefit  of  the  aphid. 

The  papers  reviewed  above  indicate  that  MH  treatment  changes  the  leaf  age 
ratio  in  favor  of  senescence.  As  M.  persicae  is  known  to  be  favored  by  senes- 
cent growth,  this  probably  explains  the  observed  increase  in  susceptibility  of 
MH-treated  chrysanthemum  plants  to  this  aphid. 

4)  Ethylene  is  known  to  hasten  the  general  senescence  of  plants  and  to 
have  a  number  of  diverse  effects  on  the  growth  of  plants  (Burg  1968,  Pratt  and 
Goeschl  1969).     The  ethephon  treatments  caused  the  apical  meristem  to  become 
hyperactive,  resulting  in  the  formation  of  numerous  small,  malformed  leaves. 
The  bean  aphid  benefited  from  this  alteration  of  the  leaf  age  ratio  (favoring 
new  growth).     Thus,  the  susceptibility  of  chrysanthemum  to  A.  fabae  was  in- 
creased by  ethephon  treatment.     M.  persicae  probably  benefited  both  by  the  in- 
crease in  apical  activity  and  by  the  hastening  of  senescence  of  the  plants, 
both  caused  by  ethephon. 

INTERACTION  OF  HOST  PLANT  RESISTANCE  AND  PESTICIDE  CONTROL 

Varietal  resistance  as  the  sole  means  of  controlling  aphids  on  chrysanthe 
mums  in  commercial  houses  is  out  of  the  question  in  the  foreseeable  future. 
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Few  cultivars  now  in  use  would  have  the  required  levels  of  resistance,  and 
greenhouse  operators  would  not  limit  themselves  to  such  a  small  selection. 
Therefore,  it  becomes  necessary  to  evaluate  a  possible  role  for  moderate  levels 
of  resistance,  such  as  are  present  in  many  of  today's  cultivars,  in  a  program 
including  insecticidal  control. 

Probably  the  most  important  advantage  of  moderate  levels  of  host  plant  re- 
sistance in  our  major  f loricultural  crops  would  consist  of  potentiating  the  ef- 
fectiveness of  various  insecticide  regimens.     The  following  test  illustrates 
this  point,  again  utilizing  the  chrysanthemum-aphid  system  used  above. 

Plants  were  cultured  as  in  the  previous  tests,  with  the  plants  already 
naturally  infested  with  green  peach  aphids  at  the  time  of  treatment.  However, 
instead  of  the  laboratory  conditions  of  the  previous  tests  being  used,  the 
plants  were  arranged  in  four  randomized  blocks  on  greenhouse  benches  in  four 
separate  37  m^,  detached  greenhouses.     Each  block  contained  one  plant  of  each 
of  the  following  cultivars:  Mefo,  Good  News,  Shasta,  Fred  Shoesmith,  and  Ice- 
berg.    Counts  of  aphids  were  made  1  day  pretreatment  as  well  as  2  and  25  days 
posttreatment .     A  greenhouse  was  treated  at  each  of  the  following  doses  of  the 
insecticide  dichlorvos  (10%  technical  in  methylene  chloride)  through  a  Flora- 
FumeQy  cold  mist  applicator:  1/2  g  A.I.,  1/4  g  A.I.,  and  1/8  g  A.I.,  with  one 
greenhouse  left  untreated  as  a  control.     (Dichlorvos  is  a  good  aphicide,  hav- 
ing a  short  residual  life — an  advantage  in  this  test  since  the  presence  of  re- 
sidual activity  would  complicate  the  interpretation.) 

The  results  of  this  test  are  given  in  table  5.     By  the  25th  day,  many  if 
not  most  of  the  plants  in  the  control  and  1/8  g  houses  were  so  affected  by  the 
aphid  attack  that  the  populations  were  now  declining  due  to  poor  plant  quality. 
However,  meaningful  counts  could  still  be  made  on  plants  in  the  1/4  g  and  1/2  g 
treated  houses.     At  both  dosages,  the  rebound  of  the  aphid  populations  was 


Table  5.- 

-Total  number 

of  aphids 

on 

4  plants  of  5 

cultivars  1  day 

pretreatment 

and  2  and 

25 

days  posttreatment.  Plants 

treated  with 

1  of  3  doses 

of  dichlorvos 

mists  or  left 

untreated 

Cultivar 

Date 

0 

1/8  g 

1/4  g 

1/2  g 

Mefo 

-1 

399 

432 

471 

534 

2 

669 

297 

175 

22 

25 

1,835 

288 

Good  News 

-1 

547 

648 

668 

688 

2 

745 

352 

248 

11 

25 

789 

78 

Shasta 

-1 

322 

378 

301 

527 

2 

498 

185 

44 

3 

25 

625 

96 

Fred  Shoesmith 

-1 

299 

312 

348 

882 

2 

357 

226 

85 

20 

25 

736 

47 

Iceberg 

-1 

75 

93 

88 

137 

2 

131 

37 

30 

25 

25 

88 

23 

Total 

-1 

1,642 

1,863 

1,876 

2,768 

2 

2,400 

1,097 

582 

81 

25 

4,073 

532 

25 


much  greater  on  Mefo  plants  than  on  Iceberg  plants,  with  the  intermediately 
susceptible  cultivars  allowing  a  corresponding  aphid  population  rebound.  This 
rebound  was  far  more  pronounced  at  the  1/4  g  dose  than  at  the  1/2  g  dose, 
where  the  aphid  population  had  been  reduced  to  a  much  lower  level.     Thus,  two 
basic  concepts  are  apparent  from  this  test:  1)  Insect  populations  rebound 
slower  on  resistant  plants  than  on  susceptible  plants,  permitting  longer  in- 
tervals between  treatments;  and  2)  the  more  potent  the  pesticidal  control  regi- 
men, the  less  important  the  level  of  resistance  possessed  by  the  cultivar  to 
the  overall  control  strategy. 

FURTHER  ADVERSE  EFFECTS  FROM  HIGHLY  SUSCEPTIBLE  CULTIVARS 

What  is  the  potential  value  of  host  plant  resistance  to  greenhouse  flori- 
culture?   The  following  test  indicates  its  potential  value. 

I  filled  a  greenhouse  bench  with  six  blocks  of  mums,  with  48  pots  of  mums 
in  each  block.     Three  blocks  (Blocks  2,  4,  and  6)  contained  plants  of  the  sus- 
ceptible cultivars,  Tuneful,  Polaris,  and  Mefo,  while  three  blocks  (Blocks  1, 
3,  and  5)  contained  resistant  Iceberg  plants.     The  rate  of  growth  of  green 
peach  aphid  populations  on  the  plants  of  the  center  two  rows  of  each  plot  was 
followed  for  5  days.     Aphids  on  susceptible  plants  increased  an  average  of  2.87 
X,  while  those  on  resistant  plants  increased  at  a  rate  of  2.84  X.  Meanwhile, 
aphid  increases  were  of  3.34  X  on  eight  caged  and  isolated  susceptible  (Tune- 
ful) plants,  while  the  increase  on  isolated  resistant  (Iceberg)  plants  was  only 
1.58  X  during  this  period. 

This  is  an  example  of  what  I  call  the  "rotten  apple"  phenomenon,  which  is 
that  aphid  populations  will  normally  grow  at  different  rates  on  different  cul- 
tivars, faster  on  susceptible  cultivars,  slower  on  more  resistant  cultivars. 
When  a  number  of  cultivars  are  grown  together,  however,  while  more  numbers  of 
aphids  are  still  to  be  found  on  susceptible  than  resistant  plants,  the  rate  of 
increase  on  such  plants  will  tend  to  be  the  same  due  to  outmigration  of  some 
insects  from  susceptible  to  resistant  plants.     Thus,  the  average  rate  of  in- 
crease of  the  green  peach  aphid  on  all  cultivars  in  a  greenhouse  will  tend  to 
be  that  of  the  most  susceptible  cultivars.     I  do  not  propose  that  growers  try 
to  control  green  peach  aphids  by  growing  highly  resistant  cultivars.     But  I  do 
feel  that  a  grower  should  cease  growing  those  cultivars  that,  by  being  highly 
susceptible  to  his  major  pest,  like  the  rotten  apple  in  the  barrel  will  cor- 
rupt the  less  susceptible  cultivars.     Although  I  have  used  the  green  peach 
aphid  as  an  example,  this  situation  has  wide  application  for  other  greenhouse 
pests  as  well. 
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CULTURAL  MANAGEMENT  OF  PEST  POPULATIONS 
IN  S ARANHOUS E- GROWN  CHRYSANTHEMUMS 1 

S.  L.  Poe,  J.  L.  Green,  R.  C.  Littell,  and  C.  I.  Shih2 


Prior  to  pest  population  management  strictly  by  chemical  means,  agricultur- 
al production  scientists  and  growers  naturally  integrated  a  variety  of  tactics 
to  achieve  pest  control.     Practices  of  sanitation,  early  planting,  resistant 
cultivars,  and  biological  control  by  natural  enemies  used  in  crop  pest  manage- 
ment were  abandoned  when  pesticide  "protection"  became  available.  Numerous 
failures  of  pesticides  to  provide  adequate  population  control,  increased  cost, 
and  concern  over  environmental  issues  have  renewed  interest  in  pest  management 
by  manipulation  of  the  habitat  through  cultural  practices. 

The  current  philosophy  in  modern  applied  entomology  is  that  an  integrated 
approach  to  pest  control  which  employs  combinations  of  available  tactics  to 
negatively  influence  the  pest  population  is  desirable.     As  the  effect  of  each 
tactic  is  realized,  there  is  a  potential  incremental  decrease  in  population 
numbers  or  their  damage.     However,  the  effects  of  modern  agricultural  produc- 
tion techniques  and  growing  practices,  developed  under  an  umbrella  of  chemical 
pesticides,  are  largely  unknown  factors  in  the  bionomics  of  pest  species.  This 
is  especially  true  in  new  agricultural  production  areas  and  for  new  commodities, 
such  as  chrysanthemum  production  in  Florida. 

Chrysanthemum  cut  flowers  are  produced  under  sheltered  conditions,  buf- 
fered against  excessive  cold,  wind,  sun,  and  other  extremes.     Acreage  is  inten- 
sively cultivated  under  a  cover  of  saran  screen  shade  elevated  on  a  framework 
above  3-foot  wide  beds.     Plants  in  the  beds  are  supported  by  6-  by  8-inch  mesh 
wire  and  subjected  to  specific  photoperiods .     Major  nutrients,  trace  elements, 
pesticides,  growth  regulators,  and  irrigation  all  play  important  roles  in  qual- 
ity production. 

Numerous  insect  and  mite  pests  attack  chrysanthemums  under  saranhouse  con- 
ditions.    Lepidopterous  larvae,  Spodoptera  exigua  Hiibner,  j5.  eridania  (Cramer), 
Heliothis  zea  Boddie,  Pseudoplusia  includens  Walker,  Trichoplusia  ni  Hiibner, 
and  other  species  consume  the  foliage  and  flowers.    Aphids,  Aphis  gossypii 
Glover  and  Myzus  persicae  Sulzer,  a  plant  bug,  Taylorilygus  pallidulus  Blan- 
chard,  the  mite,  Tetranychus  urticae  Koch,  and  thrips,  Frankliniella  spp.,  also 
attack  foliage  and  flowers.     Periodically,  a  serpentine  leafminer,  Liriomyza 
sativae  Blanchard,  becomes  pestivorous  and  is  presently  almost  uncontrollable, 
due  to  insecticide  resistance  (Israel  et  al.  in  press). 

Various  cultural  practices  researched  on  other  crops  are  known  to  influ- 
ence populations  of  these  pests.  On  cotton,  Aphis  gossypii  Glover  populations 
increased  after  fertilization  (Abd  El  Fattah  1975).     Carrow  and  Betts  (1973) 
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ville; Department  of  Horticulture,  Oregon  State  University,  Corvallis;  Depart- 
ment of  Statistics,  University  of  Florida,  Gainesville;  and  Department  of  Ento- 
mology &  Nematology,  University  of  Florida,  Gainesville,  respectively. 
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demonstrated  that  sources  of  nitrogen  fertilizer  influenced  balsam  wooly  aphid 
populations  on  spruce.     A  similar  effect  has  been  demonstrated  for  spider  mites 
on  chrysanthemums  (Poe,  unpublished).     Leigh  et  al.   (1969)  reported  fewer  mites 
present  in  cotton  plots  grown  with  low  irrigation  and  low  nitrogen  levels. 
Woltz  and  Kelsheimer  (1968)  found  that  damage  by  leafminer  populations  in- 
creased with  increasing  nitrogen  but  not  potassium.    Unexplainably  greater  dam- 
age was  incurred  at  lower  potash  levels.     These  reports  suggest  that  habitat 
control  by  manipulation  of  cultural  variables  might  be  a  means  to  reduce  and 
manage  population  levels  of  chrysanthemum  pests. 

The  influence  of  production  system  variables  on  several  insect  and  mite 
pests  was  studied  in  a  series  of  experiments  1973-75  at  the  Agricultural  Re- 
search and  Education  Center,  Bradenton>  Fla.     Production  practices  such  as  ir- 
rigation, use  of  mulch,  fertilizer,  type  and  placement,  and  cultural  techniques 
were  treated  as  variables  to  ascertain  their  influence  on  pest  population  lev- 
els on  several  cultivars  of  Chrysanthemum  morif olium. 

This  report  describes  two  experiments  and  discusses  the  results  for  their 
implications  and  use  in  chrysanthemum  pest  management.     The  experiments  were 
designed  for- production  systems  data  and  not  solely  for  the  study  of  pests, 
hence  represent  a  more  holistic  approach  to  pest  management. 

MATERIALS  AND  METHODS 

Experiment  1  was  established  on  ground  beds  of  Myakka  fine  sand  under 
saran  cloth  (30  percent  light  reduction) .     A  four-tier  hierarchal  design  was 
used.     Tier  A  comprised  two  methods  of  applying  irrigation  water  containing 
soluble  f ertilizer : viaf lo  porous  tubing  under  full-bed  paper  mulch  (Gulf  States 
Paper  Co.,  55  lb  Kraft  paper  with  0.25  ml  polyethylene  film  on  each  side)  or 
overhead  sprinkler  application.     Two  liquid  fertilization  treatments,  each  sup- 
plying a  total  of  30  lb  of  nitrogen/acre/week,  constituted  tier  B:   (1)  100  per- 
cent nitrate-nitrogen  (50  percent  from  KNO3  and  50  percent  from  CaN03) ,  and  (2) 
50  percent  ammonium-nitrogen  from  ammonium  sulfate  and  50  percent  nitrate- 
nitrogen  from  potassium  nitrate.     Four  insect  control  programs  constituted  tier 
C:   (1)  untreated  control,   (2)  maximum  (recommended  rates  applied  weekly),  (3) 
minimum  (one-half  recommended  rates  applied  weekly) ,  and  (4)  demand  (recom- 
mended rates  as  needed  based  on  insect  population  level) .     Four  Chrysanthemum 
morifolium  cultivars  constituted  tier  D:  Improved  Rivalry,  #4  Improved  Indian- 
apolis White,  Manatee  Iceberg,  and  Yellow  Nob  Hill.     Treatments  were  replicated 
twice,  with  18  plants  per  replicate. 

Prior  to  planting,  50  lb/acre  triple  super-phosphate  +  20  lb/acre  FTE  503 
and  500  lb/acre  dolomitic  limestone  were  incorporated  into  the  top  6  inches  of 
soil.     Ground  beds  were  formed  (3-inch  height  x  36-inch  width),  then  fumigated 
with  methyl  bromide. 

Rooted  cuttings  were  planted  on  February  14,  1974.     A  4-hr  continuous 
light  period  from  10:00  p.m.  until  2:00  a.m.  was  maintained  for  a  period  of  5 
weeks  after  planting.     Plants  were  grown  single  stem,  three  plants/ft^.  The 
^overhead  sprinkler  irrigation-fertilization  system  operated  three  times  weekly, 
while  the  viaflo  system  operated  continuously.     Equal  quantities  of  water  per 
week  were  applied  to  the  bed  surface  area  from  both  the  viaflo  and  overhead 
sprinkler  systems.     However,  with  time,  the  flow  rate  through  the  porous  viaflo 
tubing  decreased,  resulting  in  30  percent  less  water  being  applied  during  the 
90-day  crop  period  through  the  viaflo  compared  to  the  overhead  sprinkler  sys- 
tem.    Through  the  overhead  sprinkler,  3.2  acre- inches  per  week  were  applied; 
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and  2.2  acre- inches  per  week  was  the  mean  weekly  application  through  the  viaflo 
system.     Insect  populations  were  monitored  biweekly  by  plant  examination  during 
the  first  3  weeks  after  planting.     From  week  4  to  harvest,  five  leaves  were 
taken  at  random  weekly  from  each  plot  and  the  number  of  pests  or  pest  damage 
recorded.     Plots  were  treated  with  the  pesticide  programs  in  table  1.  Terra- 
chlor®   and  Dexon®    were  used  as  drenches,  and  aldicarb  granules  were  applied 
over  the  top  of  the  bed  to  wet  foliage.    After  the  foliage  dried,  granules  were 
rinsed  into  the  plant  bed  and  plants  were  harvested  May  15,  1974.  Fresh 
weights  were  determined  and  insects  and  mites  on  flower  heads  were  counted 
after  extraction  in  warm  detergent  water  (Poe  and  Green  1974) . 

Table  1. — Pesticides  used  in  chrysanthemum  cultures- 
Growth 


by  Maximum^  and  minimum   Demand 


week 

Insecticide 

Fungicide 

Insecticide 

Fungicide 

1 

Terrachlor® 

Terrachlor 

2 

aldicarb 

Dexon(D 

3 

me thorny 1 

chlorothalonil 

4 

leptophos 

benomyl 

5 

methomyl 

dithane  M22 

6 

leptophos 

chlorothalonil 

leptophos 

chlorothalonil 

7 

aldicarb 

aldicarb 

methomyl 

b  enomy 1 

methomyl 

benomyl 

8 

leptophos 

dithane  M22 

leptophos 

dithane  M22 

9 

methomyl 

chlorothalonil 

methomyl 

chlorothalonil 

10 

leptophos 

benomyl 

leptophos 

benomyl 

11 

methomyl 

dithane  M22 

methomyl 

dithane  M22 

12 

leptophos 

chlorothalonil 

leptophos 

chlorothalonil 

1 

Trade  names  used 

in  this  paper  should 

not  be  construed 

to  represent  an 

endorsement  or  recommendation  by  the  University  of  Florida. 

2  Maximum  rates:  Terrachlor  WP,  22.5  lb/100  gal;  Dexon  WP,  9.0  lb/100  gal; 
aldicarb  G,  7.5  lb  AI/A;  methomyl  L,  4  oz/100  gal;  leptophos,  5  oz/100  gal; 
chlorothalonil  WP,  24  oz/100  gal;  benomyl  WP,  10  oz/100  gal;  dithane  M22,  32  oz/ 
100  gal. 

3  Minimum  rates:     One-half  the  maximum  rates. 

4  Demand  rates:     Same  as  maximum  on  weeks  6-12. 

Experiment  2  was  grown  under  environmental  conditions  similar  to  experi- 
ment 1.    Rooted  cuttings  of  Manatee  Iceberg  were  planted  on  September  6,  1974, 
in  a  random  split-plot  design  with  variables  of  low  (IX)  and  high  (3X)  soil 
moisture  levels.    Within  each  moisture  level  there  were  two  nitrogen  fertiliza- 
tion treatments:   (1)  low  inorganic  nitrogen  (10  weekly  applications  of  liquid 
fertilizer  containing  15  lb/A/week  from  ammonium  nitrate  plus  30  lb/A/week  K2O 
from  potassium  sulfate)  and  high  organic  nitrogen  amendments  incorporated  pre- 
planting  (750  lb /A  castor  pomace  +  750  lb /A  High  Nite,   (2)  high  inorganic  ni- 
trogen (10  weekly  applications  of  liquid  fertilizer  containing  60  lb/A/week 
from  ammonium  nitrate  and  30  lb/A/week  K2O  from  potassium  sulfate)  with  no  or- 
ganic nitrogen  applied. 
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One-half  the  plants  in  each  plot  were  pinched  3  weeks  after  planting  and 
the  crop  grown  as  a  standard.     There  were  four  replicates  per  treatment.  A 
uniform  spray  program  was  followed  for  all  plots.     Leafminer  populations  were 
measured  from  samples  of  20,  first  fully- expanded  leaves  of  mature  plants  on 
November  28,  1974.     The  frequency  and  density  of  mines  and  the  number  of  mines 
that  were  completed  in  each  sample  were  recorded.   Data  were  analyzed  using  an 
analysis  of  variance  and  significant  means  separated  by  Duncan's  multiple  range 
test. 

RESULTS  AND  DISCUSSION 

Irrigation 

Significant  effects  of  variables  tested  in  Experiment  1  are  given  in  table 
2.     The  method  of  applying  irrigation  was  important  to  three  responses:  percent- 
age of  stems  damaged  by  pests,  percentage  of  stems  unmarketable,  and  number  of 
mites  found  in  the  blossoms  at  harvest.     The  explanation  of  these  influences  is 
undoubtedly  linked  to  the  significant  interactions  observed  between  irrigation 
and  treatment.     That  overhead  irrigated  plots  supported  higher  populations  of 
pests  and  had  more  damaged  plants  than  viaflo  irrigated  plots  might  be  partial- 
ly explained  by  the  removal  of  spray  residue  from  treated  plants  by  the  irriga- 
tion water.     However,  this  explanation  does  not  account  for  the  increase  also 
noted  in  untreated  sprinkler  irrigated  plots  (table  2).     Number  of  mites  and 
thrips  per  blossom  appeared  to  be  affected  adversely  by  sprinkler  irrigation. 
In  fact,  with  the  exception  of  thrips  viaflo  irrigated  plots  had  more  insects 
on  harvested  heads  than  did  sprinkler  irrigated  plots  regardless  of  the  treat- 
ment program.     The  effects  of  moisture  on  spider  mites  was  reported  by  Bou- 
dreaux  (1963) .     From  these  interactions  and  previous  discussion  (Poe  and  Green 
1974),  it  appears  that  the  viaflo  system  not  only  conserves  moisture,  but  also 
complements  plant  growth  and  pest  control  programs. 

Fertilizer 

In  most  studies  of  the  influence  of  fertilizer  on  pest  populations,  the 
amount  or  ratios  of  various  inorganic  elements  are  considered  important;  how- 
ever, Carrow  and  Betts  (1973)  demonstrated  the  significance  of  source  of  nitro- 
gen to  balsam  wooly  aphid  population  development  and  Poe  et  al.  (unpublished) 
showed  a  similar  importance  for  pest  development  on  chrysanthemum.     In  this 
study,  two  responses  were  significantly  influenced  by  fertilizer  source:  un- 
marketable and  pest-damaged  stems  (table  2).    Most  often  these  responses  were 
related  because  pest  damage  rendered  stems  unsalable.     Losses  decreased  when 
the  fertilizer  used  was  100  percent  NO^;  however,  interactions  between  ferti- 
lizer and  the  untreated  control  indicated  that  numbers  of  aphids  and  mites  in 
blossoms  were  decreased  with  NH^  fertilizer  (table  3) . 

Treatment  Program 

All  responses  were  significantly  affected  by  the  pesticide  treatment  pro- 
grams.    Maximum  rates  applied  weekly  resulted  in  fewer  pest-damaged  stems  but 
did  not  differ  from  the  minimum  rate  applied  weekly  in  unmarketable  stems. 
Minimum  rates  and  demand  treatments  differed  little  in  most  pest  population 
responses;  however,  a  greater  percentage  of  the  stems  grown  under  the 
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treatment-on-demand  program  was  unmarketable.     Since  the  difference  between 
maximum  and  demand  programs  occurred  early  during  weeks  2-5,  the  loss  observed 
must  have  risen  at  that  time.     Even  though    insect  control  on  harvested  flowers 
in  both  the  maximum  and  demand  programs  was  similar,  plant  weight  was  12  g  per 
plant  less  with  the  demand  program  (table  2) .     The  difference  indicates  that 
there  was  a  critical  time  during  the  first  weeks  of  growth  when  a  treatment 
should  have  been  made  in  the  demand  program.     The  resultant  insect  damage  at 
that  time  severely  limited  the  final  plant  weight.     Data  in  table  2  show  that 
the  difference  in  treatments  is  also  reflected  in  stems  damaged  by  mites  and 
thrips.     Since  the  mite  population  was  greatest  during  the  final  weeks  of 
growth,  thrips  undoubtedly  were  responsible  for  the  early  season  damage  that 
resulted  in  reduction  of  mean  stem  weight.     Treatment  on  demand  for  thrips  must 
be  based  on  monitoring  to  detect  incoming  flights  and  not  on  presence  or  damage 
to  the  plant. 

Table  2. — Influence  of  cultural  systems  on  chrysanthemum  production  and 
pest  population 


Independent                  Response                       Relationships  that  were  significantly 
variable  variable  different  at  95  percent  level 


Irrigation-*- 

Pest  damaged  stems  (%)^ 

VP  (29) 

< 

OH  (46) 

No.  mites  per  blossom 

OH  (18) 

< 

VP  (32) 

Unmarketable  stems  (%) 

VF  (22) 

< 

OH  (47) 

o 

Fertilizer J 

Pest  damaged  stems  (%) 

NO^Ol) 

< 

NH+(43) 

Unmarketable  stems  (%) 

NC>3(27) 

< 

NH4(42) 

4 

Treatment 

Mite  +  thrips  damaged 

Mx 

(  5) 

< 

Mn  (17) 

< 

D  (33)< 

C 

(59) 

stems  (%) 

Larval  damaged  stems  (%) 

Mx 

(  6) 

Mn  (  5) 

D  (  5)< 

C 

(18) 

No.  aphids  per  blossom 

Mx 

(  1) 

Mn  (11) 

D  (  2)< 

C 

(46) 

No.  mites  per  blossom 

Mx 

(  2) 

D     (  4) 

< 

Mn(27)< 

C 

(65) 

No.  thrips  per  blossom 

Mx 

(21) 

Mn  (24) 

D  (22)< 

C 

(40) 

Unmarketable  stems  (%) 

Mx 

(22) 

Mn  (22) 

< 

D  (27)< 

C 

(60) 

Weight  (g  per  plant) 

Mx(114) 

> 

Mn(107) 

D(102)< 

D 

(96) 

Cultivar^ 

Mite  +  thrips  damaged 

MI 

(13) 

NH  (14) 

< 

IR  (40) 

IW  (47) 

stems  (%) 

Larval  damaged  stems  (%) 

NH 

(  6) 

< 

MI  (  8) 

< 

IR  (10) 

IW  (10) 

No.  aphids  per  blossom 

MI 

(  2) 

IR  (  4) 

IW  (  6) 

< 

NH  (50) 

No.  thrips  per  blossom 

MI 

(17) 

IR  (17) 

NH  (18) 

< 

IR  (56) 

Unmarketable  stems  (%) 

MI 

(16) 

< 

NH  (34) 

IW  (35) 

< 

IR  (46) 

Weight  (g  per  plant) 

IR 

(64) 

< 

IW(llO) 

NH(115) 

< 

MI(133) 

1  VF  =  viaflo,  OH  =  overhead  sprinkler. 

2  Tetranychus  urticae  Koch,  mites;  Frankliniella  spp.,  thrips;  Noctuidae 
larvae. 

3  50%  NH*  =  Mrt;  100%  NO3"  =  NO3. 

4  Mx  =  maximum  rate  applied  weekly,  Mn  =  minimum  rate,  one-half  maximum 
rate  applied  weekly,  D  =  maximum  rate  applied  on  demand,  C  =  untreated  control. 

5  IR  =  Improved  Rivalry,  IW  =  #4  Improved  Indianapolis  White,  MI  =  Manatee 
Iceberg,  NH  =  Yellow  Nob  Hill. 
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Cultivar 


A  most  important  factor  to  crop  management  appeared  to  be  choice  of  culti- 
var.    Irrespective  of  treatment  program,  Improved  Rivalry  had  the  fewest  mar- 
ketable stems,  Improved  Indianapolis  White  had  largest  numbers  of  thrips  per 
flower,  and  these  two  cultivars  showed  the  greatest  sensitivity  to  thrips  and 
mite  attack  (tables  2,  3).     Yellow  Nob  Hill  had  larger  numbers  of  aphids  per 
flower  but  fewest  stems  damaged  by  caterpillars.     Manatee  Iceberg  showed  the 
least  sensitivity  to  insect  attack,  had  the  fewest  unmarketable  stems,  and  the 
greatest  plant  weight.     Although  readily  attacked,  Manatee  Iceberg  was  tolerant 
of  insect  populations,  grew  well,  and  produced  a  quality  flower.     This  cultivar 
appeared  to  sustain  large  spider  mite  populations  with  no  corresponding  loss  of 
yield.     When  no  treatments  were  applied  for  pest  control  (table  3),  fewest  dam- 
aged and  unmarketable  stems  were  observed  with  Manatee  Iceberg  and  greatest 
numbers  with  Improved  Rivalry.     Yellow  Nob  Hill  was  most  attractive  to  aphids 
and  Improved  Indianapolis  White  to  thrips. 

Data  resulting  from  individual  treatment  combinations  are  given  in  tables 
3-6,     A  greater  percentage  of  plants  grown  with  viaflo  irrigation  were  market- 
able, regardless  of  fertilizer  source  but  highly  dependent  upon  pest  control 
program  (table  4).     Weekly  treatment,  whether  with  maximum  rates  or  minimum 
rates,  resulted  in  fewer  numbers  of  unmarketable  stems.     Slightly  heavier 
plants  resulted  with  NH^,  viaflo,  and  a  routine  treatment  with  insecticides. 
Only  when  irrigation  was  overhead,  was  the  maximum  program  more  effective  than 
the  minimum  program. 


Table  4. — Influence  of  individual  treatment  combinations  on  insect  damage 
and  yield  of  chrysanthemums 


Overhead  sprinkler   Viaflo 


Treatment 

NH+ 

N0~ 

Mean 

nhI" 
4 

N03 

Mean 

Percent  marketable  stems 

Maximum 

72 

72 

72 

92 

92 

92 

Control 

11 

44 

28 

62 

44 

53 

Demand 

68 

61 

65 

74 

90 

82 

Minimum 

55 

65 

60 

92 

92 

92 

Mean 

52 

60 

Weight 

80 

in  g/plant 

79 

Maximum 

120 

109 

114 

116 

111 

114 

Control 

107 

95 

101 

96 

94 

95 

Demand 

103 

98 

101 

104 

100 

102 

Minimum 

104 

108 

106 

117 

110 

114 

Mean 

109 

103 

109 

104 
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Data  of  table  5  indicate  that  a  slight  advantage  in  marketable  stems  re- 
sulted when  the  fertilizer  was  NO3  but  a  greater  weight  per  plant  when  NH^. 
Weekly  pesticide  treatments  again  increased  marketable  stems;  however,  for  Man- 
atee Iceberg,  the  demand  treatment  was  better  than  the  minimum.     This  result 
might  be  due  to  the  increased  numbers  of  spider  mites  during  the  last  portion 
of  the  season  on  the  minimum  treatment  plots  (Poe  and  Green  1974).  Differences 
in  weights  between  minimum  and  demand  programs  consistently  favored  the  minimum 
treatment  and  were  greatest  with  NO3  fertilizer. 


Table  5. — Influence  of  individual  treatment  combinations  on  insect  damage 
and  yield  of  chrysanthemums 


NHj  NO3 


irearmenr 

TTjl 
J.W 

MT 

NH 

Mean 

IW 

IR 

Ml 

TOT! 

fin 

Mean 

Percent  marketable  stems 

Maximum 

78 

79 

99 

71 

82 

86 

68 

94 

81 

82 

Control 

41 

25 

61 

29 

39 

40 

31 

69 

37 

44 

Demand 

67 

46 

97 

74 

71 

72 

54 

96 

81 

76 

Minimum 

67 

61 

82 

74 

73 

71 

86 

79 

78 

79 

Mean 

66 

53 

85 

62 

67 

60 

85 

69 

Weight  in 

g/plant  (NSD)2 

Maximum 

117 

72 

151 

131 

118 

118 

68 

135 

120 

110 

Control 

103 

65 

132 

114 

104 

96 

56 

125 

102 

95 

Demand 

105 

65 

137 

105 

103 

104 

59 

122 

111 

99 

Minimum 

112 

68 

137 

125 

111 

122 

66 

129 

118 

109 

Mean 

109 

69 

139 

119 

110 

62 

128 

113 

1  IW  =  #4  Improved  Indianapolis  White,  IR  =  Improved  Rivalry,  MI=  Manatee 
Iceberg,  NH  =  Yellow  Nob  Hill. 

2  No  significant  difference. 


Data  by  treatment  and  cultivar  for  the  two  irrigation  system  studies  indi- 
cate that,  while  plant  weight  differences  were  only  slightly  in  favor  of  viaflo, 
the  percent  of  marketable  stems  was  greatly  increased  where  viaflo  was  used 
(table  6) .  These  data  suggest  the  superior  effect  of  spray  program  with  viaflo 
for  pest  control,  since  plants  were  unmarketable  due  to  insect  damage.  Manatee 
Iceberg  was  most  productive  cultivar  regardless  of  treatment. 

The  data  of  tables  2  and  4-6  suggest  that  one  application  of  aldicarb  in 
mid-season  (demand)  is  insufficient  to  prevent  thrips  damage  which  may  occur 
early  in  the  crop  cycle,  but  will  control  aphids  and  mites  in  flowers  better 
than  minimal  dosage  applied  two  times  (minimum).     From  these  data,  treatment  on 
demand  appears  to  be  an  alternative  to  routine  treatments  when  appropriate 
monitoring  or  forecast  systems  are  available  to  better  time  the  application. 
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Although,  viaflo  irrigation  and  full  bed  mulch  conserve  water  and  can  be  used  to 
fertilize  plants,  the  application  of  aldicarb  is  not  facilitated  by  covered 
beds . 


Table  6. — Influence  of  individual  treatment  combinations  on  insect  damage 
and  yield  of  chrysanthemums 


Overhead  sprinkler    Viaflo  

Treatment  IW1    IR       MI        NH      Mean  IW      IR       MI        NH  Mean 


Percent  marketable  stems 


Maximum 

77 

53 

97 

61 

72 

87 

94 

96 

90 

92 

Control 

29 

19 

52 

11 

28 

42 

36 

79 

56 

53 

Demand 

57 

32 

99 

69 

64 

82 

68 

94 

85 

82 

Minimum 

57 

51 

65 

65 

60 

90 

96 

96 

86 

92 

Mean 

55 

39 

78 

52 

75 

74 

91 

79 

Weight  in 

g/plant 

Maximum 

122 

73 

143 

120 

115 

113 

67 

142 

131 

113 

Control 

106 

61 

136 

102 

101 

93 

59 

122 

114 

97 

Demand 

97 

68 

122 

115 

101 

112 

56 

138 

101 

102 

Minimum 

111 

69 

124 

120 

106 

124 

65 

142 

124 

114 

Mean 

109 

68 

131 

114 

111 

62 

136 

117 

1  IW  =  #4  Improved  Indianapolis  White,  IR  =  Improved  Rivalry,  MI  =  Manatee 
Iceberg,  NH  =  Yellow  Nob  Hill. 


Data  from  Experiment  2  relating  the  influence  of  cultural  variables  on  the 
vegetable  leafminer  (Liriomyza  sativae  Blanchard)  population  are  given  in  table 
7.     The  percentage  of  leaves  infested  was  less  when  plants  were  grown  as  a 
pinched  rather  than  as  a  nonpinched  crop.     There  was  no  evidence  from  this  ex- 
periment that  the  two  levels  of  soil  moisture  or  the  two  fertilizer  treatments 
influenced  the  number  of  leaves  that  were  mined.     It  is  not  clear  whether  the 
observed  response  was  due  to  the  presence  of  more  leaves  on  the  stems  of  a 
pinched  plant  and  some  independent  density  relationship  affecting  the  oviposi- 
tion  patterns  of  the  flies  or  whether  pinched  plants  were  otherwise  less  at- 
tractive. 

None  of  the  independent  variables  appeared  to  influence  the  total  number 
of  mines  (table  7),  and  this  evidence  suggests  that  pinched  plants  were  less 
attractive  to  the  miner  adults  because,  in  equivalent  samples,  one  would  expect 
the  difference  in  total  number  of  mines  to  correspond  to  the  difference  in 
total  number  of  leaves  on  plants  grown  under  the  two  cultural  systems.  Such 
randomness  was  not  the  case.     Evidence  for  discretion  by  the  female  is  given  in 
the  third  response  listed  in  table  7,  i.e.,  number  of  mines  completed.  Numerous 
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eggs  may  be  laid  and  mines  begun  by  developing  leafminers;  however,  the  number 
that  reach  maturity  provide  a  measure  of  relative  effect  of  a  given  plant  leaf 
environment.     In  this  experiment,  fewer  larvae  successfully  reached  maturity, 
based  on  the  number  of  mines  completed  from  which  the  mature  larva  had  emerged, 
on  plants  that  were  pinched,  although  the  percentage  of  mines  completed  on  the 
two  types  of  plants  was  not  significantly  different.     These  data  imply  either 
(1)  female  leafminers  determine  and  differentially  select  suitable  hosts  for 
their  progeny  or  (2)  if  eggs  were  laid  randomly,  there  must  be  a  strong  element 
of  environmental  resistance;  however,  this  would  be  unlikely  to  prevent  egg 
hatching  and  early  mining  activity. 

The  influence  of  cultural  variables  on  the  damage  index,  derived  as  the 
product  of  total  mines  times  percentage  of  leaves  mined,  was  significant  only 
for  culture  (table  8).     Pinched  plants  yielded  a  much  lower  damage  index  than 
did  nonpinched  plants.     In  fact,  the  highest  index  obtained  among  any  variables 
tested  was  in  the  nonpinched  plants.     The  difference  in  numbers  of  mines  com- 
pleted regardless  of  density  was  influenced  only  by  the  fertilizer,  but  only 
the  percentage  of  mines  completed  increased  significantly. 


Table  8. 

— Correlation 

coefficients 

and  significance 

probabilities"'"  among 

responses  of 

leaf  miner 

populations 

Total  no. 

No .  mines 

Percent 

Damage 

%  mines 

Response 

mines 

completed 

infested 

index 

completed 

Total  no. 

1.00 

0.7874 

0.9082 

0.9843 

-0.1727 

mines 

(0.00) 

(0.0001) 

(0.0001) 

(0.0001) 

(0.7536) 

Mines 

1.00 

0.7807 

0.7706 

0.3324 

completed 

(0.00) 

(0.0001) 

(0.0001) 

(0.0600) 

Percent 

1.00 

0.8731 

-0.1698 

infested 

(0.00) 

(0.0001) 

(0.6450) 

Damage 

1.00 

-0.1406 

index 

(0.00) 

(0.551) 

1  Value 

in  parentheses 

is  the  probability  of  Type  I 

error  for 

each  corre- 

lation. 


The  influence  of  moisture  on  all  responses  was  less  at  the  high  level,  ex- 
cept for  percentage  of  mines  completed;  however,  only  the  average  number  of 
mines  per  leaf  varied  significantly.     The  greatest  range  of  plant  weights  was 
observed  for  moisture  levels;  low  moisture  resulted  in  significantly  lighter 
plants.     The  average  number  of  mines  per  leaf  was  significantly  less  on  plants 
grown  on  the  higher  moisture  level  (table  7) . 

Correlation  among  the  response  variables  is  given  as  coefficients  in  table 
8.     The  relationships  suggest  that  the  percentage  of  miners  completing  develop- 
ment was  less  at  high  densities  of  total  mines  but  that  the  actual  number  of 
completed  mines  increased  with  density  of  mines  per  leaf.     There  appeared  to  be 
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a  linear  relationship  between  total  number  of  mines  per  leaf  and  the  percentage 
of  leaves  with  mines.     This  result  implies  that  flies  oviposit  in  a  spatial 
pattern  influenced  by  density  and  when  given  opportunity  will  spread  to  addi- 
tional leaves  rather  than  oviposit  in  large  numbers  on  a  few  preferred  leaves. 
This  characteristic  would  result  in  a  more  uniform  infestation  of  leafminers 
over  a  given  area  in  spite  of  localized  preference  for  particular  leaves  on  the 
host  plant. 
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USE  OF  THE  PREDATORY  MIDGE  Aphidoletes  aphidimyza  (ROND.) 
(DIPTERA,  CECIDOMYIIDAE)  AGAINST  APHIDS  IN  GLASSHOUSE  CULTURES 


Martti  Markkula  and  Katri  Tiittanen 


Six  years  ago  the  aphid  rearings  in  the  glasshouses  of  the  Department  of 
Pest  Investigation,  which  were  maintained  as  a  food  source  for  lady  beetles, 
were  infested  by  larvae  of  the  midge  Aphidoletes  aphidimyza  (Rond.).     The  nat- 
ural population  of  the  midges  which  invaded  the  glasshouses  increased  to  such 
an  extent  that  the  larvae  destroyed  a  considerable  part  of  the  aphid  rearings 
the  following  year.     At  that  time,  in  1971,  studies  about  the  possibilities  of 
using  the  midge  to  control  aphids  infesting  glasshouse  crops  were  started.  It 
was  discovered  later  that  studies  had  been  started  simultaneously  at  the  Uni- 
versity of  Gottingen  and  at  the  Ail-Union  Plant-Protection  Institute  in  Lenin- 
grad . 

According  to  Harris  (1973)  there  are  five  species  of  aphidophagous  Ceci- 
domyiidae.     Four  of  these  belong  to  the  genus  Aphidoletes  and  one  to  the  genus 
Monobremia.     The  most  abundant  and  widespread  species  is  Aphidoletes  aphidi- 
myza. 

A.  aphidimyza  seems  to  be  common  in  nature  in  Finland,  but  it  is  not  very 
abundant.     It  has  been  found  as  far  north  as  64°  N  latitude.     It  is  obviously 
favored  by  high  humidity  because  it  is  most  common  in  inner  parts  of  berry 
bushes  and  on  roses  growing  on  shaded  sides  of  buildings.    As  a  predator  of 
aphids  it  has  received  less  attention  than  it  deserves. 

During  its  adult  life,  which  lasts  only  a  few  days,  the  female  of  A. 
aphidimyza  lays  about  100  eggs  on  plant  leaves,  close  to  aphid  colonies  and 
often  under  the  aphids.     The  eggs  are  0.3  mm  long  and  orange  in  color.  They 
hatch  after  3  or  4  days  at  20°  C.     The  number  of  larval  instars  is  generally 
thought  to  be  three,  and  the  entire  larval  development  is  completed  in  1  to  2 
weeks.     The  minimum  food  requirement  of  the  larva  is  only  seven  green  peach 
aphids  (Myzus  persicae  Sulz . ) ,  but  the  higher  the  population  density  of  the 
aphids  the  more  aphids  it  kills.     The  larva  secretes  a  substance  to  paralyze 
its  prey  before  feeding  on  it. 

Full-grown  larvae  drop  to  the  soil  where  they  first  build  a  cocoon  at  a 
depth  of  about  2  cm  and  pupate  later  inside  the  cocoon.      At  20°  C  the  adults 
emerge  2  weeks  after  burrowing  from  the  soil.     A.  aphidimyza  can  be  reared  in 
the  laboratory  without  diapause.     In  natural  conditions  in  Finland,  the  larvae 
enter  diapause  in  September,  pupate  in  spring,  and  emerge  from  pupae  in  the  be- 
ginning of  May.     The  factors  inducing  the  diapause  are  under  study  at  the  De- 
partment of  Pest  Investigation. 

Several  authors  (e.g.,  Bombosch  1958,  Davis  1916,  Nijveldt  1953,  Roberti 
1946,  Wyatt  1967)  have  found  A.  aphidimyza  to  be  an  effective  predator  of 
aphids.     However,  studies  on  the  suitability  of  the  species  for  biological  con- 
trol were  not  started  until  the  1970* s.     The  biology  of  A.  aphidimyza  has  been 
thoroughly  studied  in  West  Germany  (El-Titi  1972,  1974,  Mayr  1973,  Uygun  1970, 
Wilbert  1972,  1973).     Methods  for  mass  production  have  been  developed  in  the 
Soviet  Union  (Bondarenko  and  Asyakin  1975)  and  in  Finland  (Markkula  and 
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Tiittanen  1976) .     The  species  has  nowhere  been  utilized  in  biological  control 
at  a  practical  level. 

The  first  large-scale  control  experiments  in  Finland  were  made  on  rose 
cultures,  where  the  pest  species  was  Macros iphum  euphorbiae  (Thos.).     The  re- 
sults were  very  promising  (Markkula  1973) . 

The  aim  of  the  studies  in  1974  was  to  determine  which  developmental  stage 
is  the  most  suitable  for  the  transfer  to  the  glasshouses.     In  1975  the  main 
object  was  to  investigate  the  best  predator/prey  ratio  to  facilitate  the  aphid 
population  to  decrease  rapidly  under  the  economic  injury  level  and  to  keep  a 
balance  between  the  host  and  predator  for  the  whole  season.     The  species  to  be 
controlled  were  Macrosiphum  rosae  (L.)  and  M.  euphorbiae  on  roses  and  green 
pepper . 

Transfer  of  A.  aphidimyza  into  glasshouses  as  adults  proved  impractical. 
In  one  experiment,  10  newly  emerged  midges  per  plant  were  transferred  to  a 
glasshouse  of  120  m^ .     However,  they  laid  their  eggs  on  only  about  a  quarter 
of  the  infested  plants.     The  aphid  population  increased  rapidly,  and  it  was 
necessary  to  treat  the  plants  with  an  insecticide.     The  majority  of  the  midges 
did  not  oviposit  at  all.     To  get  a  sufficient  number  of  eggs  onto  the  plants, 
adult  midges  are  needed  in  quantities.     However,  collecting  them  from  the 
rearing  units  is  too  slow  and  they  are  easily  damaged. 

The  larvae  of  A.  aphidimyza  were  transferred  to  the  glasshouses  in  the 
first  instar,  on  an  average  one  larva  per  five  aphids.     The  larvae  disappeared 
from  the  plants  without  decreasing  the  aphid  population.     One  reason  for  the 
disappearance  of  the  larvae  was  obviously  their  propensity  to  jump  when  dis- 
turbed.     The  larvae  often  jumped  after  they  had  been  transferred  to  the 
plants  and  could  not  find  their  prey  any  more.     Because  the  transferring  pro- 
cedure of  the  larvae  was  also  slow  and  inconvenient,  the  conclusion  was  made 
that  the  larval  stage  is  not  suitable  for  transferring  the  midges  from  the 
laboratory  to  the  glasshouse. 

The  pupae  of  A.  aphidimyza  were  taken  to  the  glasshouse  1  day  before  the 
calculated  emerging  day,  still  in  the  same  container,  where  the  pupation  took 
place  (fig.  1).     The  containers  were  placed  on  the  surface  of  the  soil  between 
the  plants.     In  all  experiments,  the  first  larvae  were  seen  on  the  plants  1 
week  after  the  transfer  of  the  pupae.     Already  the  larvae  of  the  first  genera- 
tion could  effectively  prevent  the  aphid  population  from  increasing.     The  lar- 
vae of  the  new  generation  appeared,  on  an  average,  after  3  weeks.     They  then 
destroyed  the  aphids  completely  (table  1).     In  first  experiments,  the  midges 
spread  also  to  the  control  glasshouse  and  eradicated  the  aphids  there  also. 
Transferring  the  midges  to  glasshouses  as  pupae  proved  an  easy  and  successful 
method. 

At  the  initial  stage  of  the  aphid  infestation,  three  pupae  of  A.  aphidimy- 
za per  10  aphids  were  needed  to  rapidly  produce  a  sufficient  number  of  larvae 
to  the  glasshouses.     If  the  number  of  pupae  were  fewer,  the  aphid  population 
reached  the  economic  injury  level  before  the  action  of  the  larvae  showed  up. 

In  the  glasshouses  of  the  Department  of  Pest  Investigation,  where  no  arti- 
ficial light  was  used,  the  midges  have  entered  diapause  at  the  turn  of  August 
and  September.     In  the  middle  of  March,  when  the  irrigation  of  the  seedbed 
starts  and  new  aphid-infested  plants  have  been  planted  in  the  glasshouses,  the 
first  larvae  appear  after  2  weeks  (table  1).     This  has  taken  place  every  year 
since  1970. 
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Figure  1. — Rearing  of  Aphidoletes  aphidimyza.     Third  ins tar  larvae  bur- 
row into  soil  for  pupating  during  1  day.     At  20°  C  the  adults 
emerge  after  2  weeks.     The  soil  with  pupae  is  transferred  in- 
to glasshouses  1-2  days  before  the  emergence  of  adults. 


Table  1. — Number  of  green  peach  aphids  and  Aphidoletes  aphidimyza  larvae 
on  green  peppers.     Three  Aphidoletes  pupae  per  10  aphids  were 
introduced  into  glasshouse  of  25  m2.     Adults  emerged  in  1  day 


Glasshouse  with  A. 

aphidimyza 

Untreated 

glasshouse 

A.  a 

phidimyza 

A.  aphidimyza 

Date1 

Aphids 

larvae 

Aphids 

larvae 

1975: 

30.6 

75 

40 

7.7 

170 

25 

143 

~~12 

10.7 

78 

13 

539 

12 

15.7 

148 

5 

4,797 

20.7 

2,293 

8 

14,617 

22.7 

1,133 

39 

20,000 

24.7 

137 

19 

20,000 

28.7 

1 

43 

216 

402 

30.7 

0 

1 

0 

1 

5.8 

0 

0 

0 

0 

10.8 

0 

0 

0 

0 

15.8 

0 

0 

0 

0 

22.8 

0 

0 

0 

0 

29.8 

6 

2 

8 

4 

1976: 

13.3 

24 

0 

32 

0 

20.3 

150 

0 

240 

0 

27.3 

140 

28 

370 

54 

1 

Beginning  March  30,  1975 

2 

The  larvae  were  picked. 
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According  to  experiments  made  so  far,  Aphidoletes  aphidimyza  seems  clearly 
more  useful  in  the  biological  control  of  aphids  on  glasshouse  crops  than  the 
lady  beetles,  Adalia  bipunctata  (L.)  and  Coccinella  septempunctata  L. ,  and  the 
green  lacewing,  Chrysopa  carnea  Steph.     The  most  remarkable  advantage  is  that 
A.  aphidimyza  develops  several  successive  generations  during  the  growing  period 
and  is  able  to  hibernate  in  glasshouses,  unlike  the  other  predators.  For 
this  reason  only  one  transfer  of  the  midges  is  needed.     The  developmental 
period  is  short  and  the  mass  rearing  and  transfer  of  the  midges  are  easy.  The 
economy  of  the  mass  rearing  decides  what  biological  agents  will  be  used  in  the 
biological  control  of  aphids. 
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BIOLOGICAL  CONTROL  OF  THE  LEAFMINER 
Liriomyza  sativae  IN  GREENHOUSE  CROPS 


Robert  J.  McClanahan 


Abstract 

Ten  native  parasite  species  were  recovered  from  exposed  bean 
plants  infested  with  Liriomyza  sativae  Blanchard,  the  vegetable 
leafminer.     Some  of  these  have  been  found  in  a  few  greenhouses. 
Evaluation  of  various  species  as  biological  control  agents  and  de- 
velopment of  management  techniques  is  underway. 

INTRODUCTION 

Greenhouse  crops  of  chrysanthemums  and  tomatoes  in  southern  Ontario,  par- 
ticularly Essex  County,  have  been  seriously  infested  with  the  vegetable  leaf- 
miner  Liriomyza  sativae  since  1972.     Normally  a  problem  in  the  southern  United 
States,  it  has  likely  been  introduced  to  Canada  on  chrysanthemum  cuttings.  A 
broad  range  of  host  plants  (McClanahan  1975)  provides  the  leafminer  with  al- 
ternative hosts  during  the  summer  when  greenhouses  may  be  empty. 

Chemical  control  of  the  vegetable  leafminer  is  difficult  in  the  green- 
houses.    Only  a  few  insecticides  are  registered;  and,  on  the  food  crops,  short- 
lived materials  are  required.     The  use  of  any  insecticide  on  tomatoes  would 
disrupt  the  use  of  the  parasite  Encarsia  f ormosa  Gahan  against  the  greenhouse 
whitefly.     Flower  growers  have  more  latitude  in  the  use  of  insecticides,  but 
even  aldicarb  granules  have  not  given  lasting  control. 

The  best  approach  to  a  long-term  solution  for  vegetable  leafminer  infes- 
tations was  clearly  a  pest  management  program  emphasizing  biological  control. 
A  research  project  at  Harrow  was  designed  to  study  the  parasite  complex  and  its 
effectiveness  under  greenhouse  conditions,  rearing,  and  other  management  tech- 
niques.    Initial  results  are  reported  here. 

MATERIALS  AND  METHODS 

Parasite  "trapping"  was  carried  out  by  exposing  leafminer-inf ested  bean 
plants  for  3-day  periods  and  subsequently  recovering  parasite  adults  from  con- 
tained plants.     Liriomyza  sativae  were  reared  on  lima  beans  in  a  cage  (2  x  3  x 
6  ft)  in  the  greenhouse.     Extra  bean  plants  were  left  in  this  cage  for  8  h, 
then  held  in  a  growth  cabinet  at  80°  F  for  3h  days.     Three  pots,  each  with  four 
plants,  were  placed  at  each  field  site.     Three  locations  were  in  shady  unculti- 
vated areas,  and  two  were  in  hedgerows  adjacent  to  vegetable  plots.     The  plants 
were  brought  into  the  laboratory  after  3  days  and  caged  to  catch  the  emerg- 
ing adult  leafminers  and  parasites.     This  procedure  was  repeated  weekly  from 
mid-April  to  October  in  1975  and  1976. 

Parasites  were  preserved  in  70  percent  alcohol  and  the  species  determined 
by  Dr.  W.  R.  M.  Mason  and  Dr.  C.  M.  Yoshimoto  of  the  Biosystematics  Research 
Institute,  Ottawa,  Canada.     The  second  day  of  field  exposure  was  used  as  the 
date  for  the  parasite  records.     The  incidence  of  parasites  in  greenhouses  was 
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determined  by  direct  collection  of  leaf  mines  from  greenhouse  tomato  crops  in 
the  fall  of  1975. 

RESULTS 

In  1975  a  total  of  1,662  parasites  were  recovered  from  the  exposed  bean 
plants.     The  counts  to  August  11,  1976,  total  2,168.     Parasites  were  recorded 
as  early  as  April  22,  but  it  was  mid- June  before  appreciable  numbers  were  col- 
lected in  both  years.     Activity  continued  until  the  end  of  September.  Eight 
species  occurred  at  all  five  sites  in  both  years,  another  was  common  but  main- 
ly restricted  to  one  site,  and  two  others  were  collected  only  one  time. 

Parasites,  as  shown  in  figure  1,  are  listed  below  in  order  of  abundance 
in  1975.     The  records  for  1976  are  referred  to  where  distribution  or  abundance 
seems  to  be  different. 

1.  Opius  dimidiatus  (Ashmead) .     This  abundant  braconid  parasite  comprised 
46  percent  of  the  total  number  in  1975  but  is  scarcer  this  year.     It  is  re- 
corded as  a  general  parasite  of  leafminers,  but  the  native  hosts  were  not  ob- 
vious in  the  Harrow  area.     Adults  emerged  from  plants  exposed  from  May  17  to 
September  27,  but  the  peak  of  activity  was  in  August.     A  number  of  greenhouse 
collections  produced  ().  dimidiatus ,  indicating  that  they  develop  in  that  en- 
vironment.    Several  generations  of  this  parasite  were  reared,  but  new  tech- 
niques are  required  to  improve  the  reproductive  rate. 

2.  Oenonogastra  microrhopalae  (Ashmead).     This  is  the  first  definite  host 
record  in  Agromyzidae  for  this  braconid,  although  Reigel  (1963)  submitted  evi- 
dence that  this  was  the  normal  host  family.     The  distinctive  generic  feature 
is  everted  mandibles,  and  the  stigma  is  oval  shaped  and  thicker  than  that  of 
Opius  dimidiatus . 

Most  of  the  355  specimens  were  from  a  site  on  a  wooded  ridge  with  large 
oak  trees.     Parasites  emerged  from  plants  exposed  August  2  to  September  6,  and 
seemed  to  displace  ().  dimidiatus  over  that  period,  since  there  seldom  was  a 
mixture  of  the  two  species  at  that  site. 

3.  Halticoptera  patellana  (Dalman) .     This  species  of  the  Pteromalidae  has 
been  recorded  from  many  leaf miner  hosts  in  North  America  and  Europe.     The  North 
American  records  are  mostly  under  the  synonym  H.  aenea  (Walker) .     The  family 
characteristic  of  a  curved  tibial  spine  and  4-segmented  tarsi  serves  to  separ- 
ate this  parasite  from  other  local  ones.     Males  have  enlarged  yellow  maxillary 
palps  and  yellow  antennae  with  a  darkened  club.     In  1975  a  total  of  141  speci- 
mens were  trapped,  and  it  is  much  more  abundant  in  1976  with  a  total  of  897 
specimens  by  mid-August.     The  peak  abundance  is  mid- July  and  the  species  is 
active  early  in  the  season. 

4.  Chrysocharis  viridis  (Provancher) .     This  and  the  following  species  are 
Eulophidae.     C^.  viridis  has  clear,  almost  transparent  legs,  with  only  the 
coxae  dark.     No  published  host  records  were  found,  and  the  only  known  distri- 
bution is  Ontario  (Peck  1963) .     The  121  specimens  were  collected  through  the 
season,  with  the  highest  numbers  in  late  September. 

5.  Pnigalio  flavipes  (Ashmead).     The  male  has  distinctively  branched  an- 
tennae.    This  species  is  not  host-specific  or  restricted  to  Agromyzidae  (Mil- 
ler 1970).     In  1975,  98  specimens  were  recovered  from  leafminers  exposed  June 
15  to  August  23. 

6.  Diglyphus  begini  (Ashmead).     The  various  species  of  this  genus  can  be 
distinguished  by  the  pattern  of  bands  on  the  legs.    JJ.  begini  has  often  been 
recorded  as  a  parasite  of  Agromyzidae  and  has  a  wide  distribution.     A  total  of 
93  were  recorded  from  June  14  to  September  27. 
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HalticopUro  potpllsno  ? 


Digtyphus  begmi 


Figure  1. — Hymenopterous  parasites  of  L.  sativae . 
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7.  Diglyphus  sp.     This  undescribed  species  is  characterized  by  the  great- 
ly enlarged  scape  of  the  male.     Only  37  were  recorded  from  June  28  to  August  2. 

8.  Chrysocharis  mallochi  Gahan.     This  species  has  basal  portions  of  the 
tibia  black  but  otherwise  is  similar  to  C.  viridis .     The  30  specimens  were 
taken  in  August. 

9.  Diglyphus  pulchrips  (Crawford).     The  heavy  submarginal  and  marginal 
veins  are  the  distinguishing  feature  of  this  little-known  species.     It  occurs 
throughout  the  summer  and  was  present  at  five  trapping  periods,  with  14  speci- 
mens recovered. 

10.  Diglyphus  intermedius  (Girault) .     Two  specimens  were  parasitizing 
leafminers  exposed  August  2.     The  species  has  been  reported  as  an  important 
parasite  of  Liriomyza  sp.  in  California  (Michelbacher  et  al.  1951). 

11.  Zagrammosoma  americanus  Girault.     This  species  is  a  yellow  color  with 
dark  longitudinal  lines  on  the  thorax  and  abdomen.     Most  frequently  a  parasite 
of  leafmining  Lepidoptera,  the  one  specimen  from  this  experiment  is  not  con- 
sidered a  definite  record  since  the  trap  site  was  beneath  trees. 

CONCLUSIONS 

A  diverse  complex  of  parasites  which  accept  Liriomyza  sativae  as  a  host 
is  present  in  Essex  County  of  southwestern  Ontario.     Certain  species  are  pres- 
ent from  early  spring  until  fall.     Seven  of  the  more  numerous  species  (numbers 
1,  3,  4,  5,  6,  7,  and  9)  have  been  found  occasionally  parasitizing  L.  sativae 
in  greenhouse  crops  of  tomatoes.     This  proves  they  are  general    in  the  area, 
actively  searching  for  host  material,  and  multiplying  under  greenhouse  condi- 
tions. 

Numbers  of  parasite  adults  emerging  from  the  bean  foliage  depended  on  the 
incidence  of  gravid  females  at  the  site  during  an  exposure  period,  their  ac- 
ceptance of  this  particular  stage  of  the  vegetable  leafminer,  their  searching 
ability,  and  later  the  larval  parasite  survival.     The  first  six  species  listed 
should  be  considered  for  biological  control  studies  in  the  greenhouse.  The 
rest  may  have  potential,  but  at  least  one  of  the  above  factors  was  limiting 
them. 

The  management  of  the  vegetable  leafminer  in  the  greenhouse  could  be  ap- 
proached by  mass  rearing  and  release  of  a  parasite,  or  a  complex  of  parasites 
could  be  "trapped"  in  the  field  by  methods  similar  to  those  used  in  this  ex- 
periment, then  allowed  to  emerge  in  the  greenhouse. 
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DISPERSAL  OF  AN  ACARINE  PREDATOR  AMONG 
GREENHOUSE  POPULATIONS  OF  THE  TWOSPOTTED  MITE 


T.  Burnett 


Abstract 

Daily  infestations  of  small  numbers  of  the  acarine  predator, 
Amblyseius  f allacis  (Gar-man)  ,  to  greenhouse  populations  of  Tetrany- 
chus  urticae  Koch  infesting  alfalfa  were  investigated  to  develop 
techniques  suitable  for  increasing  predation  by  this  natural  enemy. 
The  predator  was  unable  to  become  established  rapidly  in  areas  as 
small  as  0.093  m^  (1  ft^)  when  both  prey  and  predator  density  were 
low  but  could  do  so  at  higher  densities.     Addition  of  small  numbers 
of  A.  fallacis  reduced  subsequent  prey  density  to  one-half  of  that 
which  occurred  in  the  absence  of  daily  introductions.     Variation  in 
initial  prey  dispersion  had  little  effect  on  predator  efficiency, 
primarily  because  the  prey  population  dispersed  and  increased  more 
rapidly  than  the  predator  for  several  weeks  after  predator-prey  in- 
teractions began.     Dispersal  patterns  of  A.  fallacis  suggest  that 
addition  of  the  predator  to  prey  populations  would  be  accomplished 
best  by  using  small,  self-sustaining  colonies  of  the  natural  enemies 
placed  among  infested  foliage. 

INTRODUCTION 

Studies  on  the  ability  of  the  acarine  predator,  Amblyseius  fallacis  (Gar- 
man)  ,  to  limit  natural  populations  of  the  twospotted  mite,  Tetranychus  urticae 
Koch,  infesting  alfalfa  were  undertaken  as  a  basis  for  the  development  of  a 
technique  that  would  improve  the  efficiency  of  this  mortality  agent  (Burnett 
1970a,  1970b,  1971).     Temperature  was  a  very  important  factor  in  the  predator- 
prey  interaction.     In  natural  populations,  densities  of  prey  and  predator 
varied  with  average  seasonal  temperatures.     In  greenhouse  populations,  the 
predator  was  unable  to  limit  increase  in  prey  density  at  temperatures  below  ap- 
proximately 21°  C.     In  populations  reared  under  simulated  natural  temperatures, 
prey  density  was  limited  not  by  the  predator  but  by  destruction  of  alfalfa  fo- 
liage when  the  prey  was  abundant.     These  results  indicated  that  temperatures  in 
the  natural  environment  were  not  high  enough  for  a  sufficiently  long  period  to 
permit  the  predator  to  reduce  prey  density  significantly.     In  this  case,  prey 
density  might  be  reduced  if  small  numbers  of  the  predator  were  introduced  at 
the  beginning  of  the  season  so  that  sufficient  numbers  of  A.  fallacis  were 
present  when  summer  temperatures  became  satisfactory. 

Several  techniques  have  been  developed  to  introduce  acarine  predators  into 
pest  populations  and  to  evaluate  the  influence  of  a  number  of  factors  on  the 
success  of  the  introduction.     Mass  release  of  the  natural  enemy  was  made  by 
transferring  it  to  the  field  in  plastic  tubes  (Oatman  et  al.  1968),  or  smaller 
numbers  may  be  introduced  in  gelatin  capsules  (Gould  1971,  Oatman  1970,  Scopes 
1968),  glass  vials  (Meyer  1974),  or  on  small  pieces  of  heavy  black  paper 
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(Burnett  1970b).    The  optimum  rate  of  introduction  for  successful  control  was 
determined  for  commercial  cucumber  greenhouses  by  Parr  and  Hussey  (1967)  and 
for  tomatoes  by  Dixon  (1973).     Addition  of  prey  individuals  as  well  as  those  of 
the  predator  has  been  recommended  to  ensure  survival  of  the  natural  enemy  (Dix- 
on 1973,  Hussey  et  al.  1965).     Dispersion  of  the  predator  and  prey  populations 
at  the  beginning,  and  throughout,  of  the  predator-prey  interaction  was  shown  to 
have  an  important  effect  on  the  degree  of  control  achieved  by  natural  enemies 
(Burges  1974,  Chant  1961,  Duke  et  al.  1970,  Flaherty  and  Huf faker  1970,  Gould 

1970,  Hussey  et  al.  1965,  McMurtry  and  Scriven  1971).     An  index  to  determine 
predator-prey  ratios  necessary  for  an  efficient  interaction  between  Tetranychus 
mcdanieli  McGregor  and  its  predator  Typhlodromus  occidentalis  Nesbitt  infesting 
apple  trees  was  developed  by  Croft  and  Nelson  (1972),  and  the  small  numbers  of 
additional  predators  required  for  control  of  the  pest  were  determined  by  Croft 
and  McMurtry  (1972) . 

Another  approach  to  the  use  of  acarine  predators  which  includes  many  of 
the  desirable  features  mentioned  above  is  the  use  of  small  self-sustaining 
colonies  of  A.  f allacis ,  propagated  on  a  nonpest  food,  to  release  daily  small 
numbers  of  the  predator  among  infestations  of  the  twospotted  mite.     Design  and 
utilization  of  such  colonies  require  information  on  the  effectiveness  of  intro- 
ductions in  lowering  pest  density,  on  the  duration  of  introductions  that  are 
necessary,  and  on  the  dispersal  of  the  predator  through  the  infested  and  unin- 
fested  foliage  of  alfalfa.     Such  information  may  be  obtained  by  releasing 
predators  within  various  greenhouse  prey  populations  infesting  alfalfa  and 
recording  subsequent  densities  and  distributions  of  prey  and  predator  species. 

This  paper  examines  the  dispersal  of  A.  f allacis  among  greenhouse  popula- 
tions of  T_.  urticae  infesting  alfalfa. 

MATERIALS  AND  METHODS 

The  twospotted  mite,  T_.  urticae,  belongs  to  a  group  of  major  plant  pests; 
consequently  its  biology,  genetics,  behavior,  nutrition,  and  control  have  been 
studied  in  great  detail  (Huf faker  et  al.  1969).     Its  ability  to  develop  rapidly 
strains  resistant  to  pesticides  indicates  it  will  continue  to  be  an  important 
problem  in  the  production  of  field  and  greenhouse  crops.     Natural  populations 
of  T_.  urticae  infesting  alfalfa  can  attain  high  densities  in  some  seasons 
(Burnett  1970a). 

The  acarine  predator  A.  fallacis  is  widely  distributed  in  Canada  (Anderson 
and  Morgan  1958,  Herbert  1959,  Putman  1962).     Its  biology  has  been  examined  ex- 
tensively (Ballard  1954,  Burnett  1971,  Burrell  and  McCormick  1964,  McClanahan 
1968,  Poe  and  Enns  1970,  Rock  et  al.  1971,  Santos  1975,  Smith  1970,  Smith  and 
Newsom  1970) .     Because  natural  populations  of  A.  fallacis  have  developed 
strains  resistant  to  some  pesticides,  studies  on  interactions  between  this 
species  and  chemical  agents  have  great  significance  for  integrated  control  pro- 
grams (Ahlstrom  and  Rock  1973,  Childers  and  Enns  1975,  Croft  and  Hoying  1975, 
Croft  and  Meyer  1973,  Croft  and  Stewart  1973,  Hamstead  1970,  Meyer  1974,  1975, 
Motoyama  et  al.  1970,  Nakashima  and  Croft  1974,  Ristick  1956,  Rock  and  Yeargan 

1971,  1972,  Smith  et  al.  1963). 

T_.  urticae  was  reared  in  the  greenhouse  at  a  temperature  of  22.2°  C 
(72°  F)  on  flats,  0.093  m^  (1  ft^)  in  area  (inside  dimensions),  containing  ap- 
proximately 25  alfalfa  plants.     For  continuous  new  foliage,  five  stems  of  al- 
falfa were  cut  each  week  in  each  flat;  after  the  mites  migrated  from  the  cut  to 
fresh  foliage  the  stems  were  discarded.     Supplementary  lighting  was  provided 
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from  18  40-watt  fluorescent  lamps  for  15  hours  per  day  in  each  greenhouse  sec- 
tion.    Prey  and  predator  were  released  onto  the  alfalfa  foliage  from  small 
pieces  of  heavy  black  paper.     To  sample  predator  and  prey  populations,  leaves 
were  taken  each  week  from  each  flat  and  the  numbers  of  each  stage  of  both  spe- 
cies on  each  leaf  were  recorded.     The  mites  were  returned  to  the  flat  from 
which  they  were  collected. 

Three  sets  of  experiments  were  conducted.     In  the  first,  the  ability  of  A. 
f allacis  to  find  prey  within  the  foliage  growing  on  one  flat  was  determined. 
In  the  second,  the  effectiveness  of  predator  addition  in  limiting  prey  abun- 
dance was  evaluated.     In  the  third,  the  effect  of  prey  dispersion  on  establish- 
ment of  predator  population  was  recorded. 

ESTABLISHMENT  OF  A.  fallacis  IN  INDIVIDUAL  FLATS 

Methods 

Each  of  six  mite-free  flats  was  placed  over  a  water  barrier  to  prevent 
contamination  of  its  foliage.     Two  lots  of  10  female  prey  each  were  released  at 
a  point  on  the  outside  edge  of  the  foliage  in  each  flat;  the  second  release  was 
made  6  days  after  the  first.     Nine  days  after  the  second  release  of  prey,  five 
female  predators  were  released  on  each  flat  at  a  point  on  the  opposite  edge  of 
the  flat  directly  across  from  the  release  point  of  the  prey. 

The  number  of  leaves  on  all  stems  more  than  5  cm  high  was  determined  on 
each  of  four  flats  of  alfalfa.     At  the  first  sampling  period,  which  coincided 
with  the  release  of  the  predators,  the  number  of  silvered  leaves — an  indication 
of  current  or  former  feeding  by  T_.  urticae — was  recorded  for  each  flat.     At  the 
second  sampling  period,  1  week  after  the  release  of  the  predators,  the  numbers 
of  all  stages  of  prey  and  predator  were  counted  on  five  leaves  taken  from  each 
of  the  six  flats;  and  the  number  of  leaves,  out  of  the  total  of  30,  that  showed 
previous  feeding  by  the  predator  on  the  prey  was  recorded.     At  the  third  sam- 
pling period,  2  weeks  after  release  of  predators,  the  numbers  of  prey  and  pred- 
ator and  numbers  of  prey  colonies  previously  attacked  by  the  predator  were 
recorded  from  all  the  leaves  silvered  on  the  six  flats. 

Results 

The  numbers  of  all  stages  combined  and  the  numbers  of  colonies  of  both 
species  counted  on  six  flats  of  alfalfa  over  a  2-week  period  are  given  in 
table  1.     As  there  was  an  average  of  approximately  1,200  leaves  per  flat,  the 
data  of  table  1  are  based  on  a  total  of  7,200  leaves.     Within  1  week  of  the 
release  of  A.  fallacis  at  a  rate  of  five  females  per  flat,  the  predator  became 
established  when  2  percent  (148/7,200)  or  less  of  the  leaves  were  infested  with 
prey.     At  both  the  second  and  third  sampling  periods,  leaves  from  five  of  the 
six  flats  contained  predators;  in  the  two  sampling  periods  combined,  all  flats 
contained  predators.     At  the  third  sampling  period — 2  weeks  after  release  of 
predators — 15  of  the  18  predator  colonies  were  associated  with  prey  whereas 
the  predator  had  already  eliminated  the  prey  in  three  instances.     In  this  case, 
12.6  percent  of  the  prey  colonies  were  under  attack  by  the  predator.     About  17 
percent  (48/283)  of  all  prey  colonies  had  been  attacked  by  the  predator  over  a 
2-week  period. 
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Table  1. —  Searching  by  A.   fallacis  for  T.  urticae  in  flats  of  alfalfa 


Number  of  colonies 

.SriTnr)  limp 

NunYhpT   of"    1  ppvpq 

Prey 

Predator 

l\Tl  i  TV*T-v  J-,  mm 

iNumu  e  r 

of  mites 

period 

Silvered  Examined 

Current 

Former 

Prey 

Predator 

1 

135 

2 

148  30 

19 

7 

3 

472 

15 

3 

283  283 

119 

18 

30 

2,678 

42 

In  addition  to  showing  that  many  colonies  of  prey  had  not  yet  been  at- 
tacked,  table  1  also  indicates  that  over  a  1-week  period  the  prey  population 
increased  more  rapidly  than  that  of  the  predator.     The  number  of  prey  colonies 
increased  sixfold,  whereas  the  value  for  the  predator  was  4.8.     For  individual 
mites,  the  ratios  were  5.7  and  2.8,  respectively. 


EFFICACY  OF  PREDATOR  ADDITION 

Methods 

Two  predator-prey  populations,  called  A  and  B,  respectively,  were  reared 
simultaneously  in  adjoining  greenhouse  sections.     Each  population  was  reared  on 
66  flats  of  alfalfa  arranged  in  a  double  row  around  three  sides  of  a  greenhouse 
section,  4.2  by  5.2  m  in  area  (fig.  1).     Two  adult  females  of  T_.  urticae  were 
released  on  the  foliage  of  each  of  the  66  flats  in  each  greenhouse  section. 
One  week  later,  one  adult  female  of  A.  fallacis  was  released  on  each  flat. 
Five  days  after  the  release  of  A.  fallacis  in  populations  A  and  B,  five  adult 
female  predators  were  released  daily  either  on  flat  number  33  or  34  (fig.  1)  in 
population  A  for  54  consecutive  days. 

Sampling  of  predator  and  prey  species  in  populations  A  and  B  began  when 
daily  addition  of  A.  fallacis  to  population  A  commenced  and  continued  at  weekly 
intervals.     Five  leaves  on  one  stem  of  alfalfa  were  removed  from  each  of  the  66 
flats  in  each  population  and  the  numbers  of  each  stage  of  prey  and  predator  on 
each  leaf  recorded. 

Results 

Daily  introductions  of  A.  fallacis  into  population  A  continued  until  270 
adult  females  were  added  between  the  first  and  ninth  sampling  periods  (table  2) . 
The  consequence  of  adding  predators  is  shown  in  figure  2  which  compares  the 
numbers  of  all  stages  combined  of  prey  and  predator  in  populations  A  and  B 
throughout  the  period  of  propagation.     Prey  density  increased  in  population  A 
until  the  seventh  week  and  then  declined;  at  the  13th  week,  a  second  cycle  in 
prey  abundance  commenced.     In  population  B,  on  the  other  hand,  prey  density  in- 
creased steadily  until  T_.  urticae  was  more  than  twice  as  dense  as  in  population 
A  at  its  maximum  and  the  alfalfa  foliage  was  destroyed.     Predator  density  in 
population  A  reached  a  maximum  1  week  after  introduction  of  predators  was  dis- 
continued and  3  weeks  after  prey  density  began  decreasing.     Predators  were 
completely  ineffective  in  limiting  prey  abundance  in  population  B. 
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Figure  1. —Arrangement  of  66  flats  of  alfalfa,  each  0.093  mz  in 
area,  in  a  greenhouse  section. 


Table 

2 . — Initial 

dispersal  of 

Amblyseius  fallacis 

Time  and 

distance 

between 

infestation 

and  location  of 

first  predator 

Predator 

addition 

Flats 

(1-32) 

Flats 

(35-66) 

Population 

Days 

No. 

No.  of 

No.  of 

Weeks 

flats 

Weeks 

flats 

A 

54 

270 

1 

3 

4 

1 

C 

38 

380 

2 

5 

3 

5 

D 

46 

460 

6 

11 

7 

9 

53 


A 


1  - 


5  10 
WEEKS 

Figure  2. — Numbers  of  all  stages  combined  of  T_.  urticae  and  A. 

f allacis  counted  in  populations  A  and  B  at  weekly 
intervals.     A:  population  A,  B:  population  B,  solid 
line:  T_.  urticae,  dotted  line:  A.  f allacis . 

The  initial  dispersal  of  A.  f allacis  in  population  A  is  summarized  in 
table  2.     Because  of  the  arrangement  of  flats  in  the  greenhouse  section  (fig. 
1) ,  flats  1-32  and  flats  35-66  may  be  considered  to  be  replicates.     Table  2  in- 
dicates that,  with  a  uniform  distribution  of  prey,  the  predator  was  detected 
between  the  first  and  fourth  sampling  periods  at  a  distance  of  one  to  three 
flats  (0.356-1.067  m)  from  the  release  point. 
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The  dispersal  of  prey  and  predator  in  population  A  is  summarized  in  fig.  3 
which  shows  the  numbers  of  flats  from  which  T_.  urticae  and  A.  f allacis  were 
counted  at  each  sampling  period.     As  prey  density  increased  from  initially  low 
values,  samples  from  increasingly  more  flats  contained  stages  of  the  prey  spe- 
cies.    A  maximum  of  50  flats  were  occupied  by  the  seventh  week;  this  was  also 
the  period  of  maximum  prey  numbers.     The  predator  population  dispersed  slowly 
into  the  flats  surrounding  the  release  point  and  did  not  occupy  a  maximum  of  41 
flats  until  the  11th  week.     At  this  time,  further  dispersal  was  prevented  by 
declining  prey  density.     The  prey  in  population  B  increased  steadily  in  density 
until  it  was  sampled  in  65  flats  on  the  10th  week. 


A  ■  — • 

C    PREY 


5  10 


WEEKS 

Figure  3. — Numbers  of  flats  of  alfalfa  from  which  T_.  urticae  and 
A.  f allacis  were  counted  in  weekly  sampling  of  popula- 
tions A,  C,  and  D.     A:  population  A,  C:  population  C, 
D:  population  D. 
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Dispersion  of  the  predator  in  relation  to  that  of  the  prey  may  be  illus- 
trated by  recording  the  variations  in  prey  and  predator  abundance  in  different 
areas  of  the  alfalfa  foliage  throughout  the  propagation  period.     Figure  4  shows 
the  numbers  of  T_.  urticae  and  A.  fallacis  in  quarters  1  (flats  35-50) ,  2  (flats 
17-32),  3  (flats  51-66),  and  4  (flats  1-16)  of  population  A  counted  each  week. 
The  predator  became  established  quickly  in  the  two  quarters  next  to  the  release 
point  (as  indicated  in  table  2),  but  it  did  not  migrate  to  the  more  remote 
areas  until  the  seventh  week.     In  fact,  A.  fallacis  was  recorded  on  the  flats 
most  distant  from  the  release  point  only  at  the  11th  week. 

EFFECT  OF  INITIAL  COLONIAL  PREY  DISPERSION 

Methods 

Each  of  two  predator-prey  populations,  called  C  and  D,  respectively,  was 
propagated  in  a  greenhouse  section  on  66  flats  of  alfalfa  arranged  as  shown  in 
figure  1.     Five  adult  females  of  T_.  urticae  were  released  on  each  of  eight 
flats,  numbered  19-22  and  45-48,  in  population  C  and  on  each  of  eight  flats, 
numbered  1-4  and  63-66,  in  population  D.     The  releases  were  repeated  6  days 
later.     Nine  days  after  the  second  release  of  T_.  urticae,  daily  releases  of  10 
adult  females  of  A.  fallacis  on  flats  numbered  33  or  34  began  in  both  popula- 
tion C  and  D.     Releases  of  the  predator  continued  until  specimens  of  A.  fal- 
lacis were  collected  in  subsequent  sampling  on  both  sides  of  the  release  point. 

Sampling  of  predator  and  prey  species  in  populations  C  and  D  began  4  days 
after  the  initial  release  of  A.  fallacis  and  continued  at  weekly  intervals. 
Ten  leaves,  taken  from  two  stems  of  alfalfa,  were  removed  from  each  of  the  66 
flats  in  each  population  and  the  numbers  of  each  stage  of  prey  and  predator  on 
each  leaf  recorded. 

Results 

It  was  necessary  to  continue  daily  introductions  of  A.  fallacis  into  popu- 
lation C  for  38  days  before  individual  predators  were  collected  from  both  sides 
of  the  release  point  at  the  fifth  week  of  sampling.  In  population  D,  daily  ad- 
dition of  predators  continued  until  the  seventh  sampling  period  when  a  total  of 
460  females  had  been  released  (table  2) . 

The  numbers  of  all  stages  combined  of  prey  and  predator  counted  each  week 
in  each  sample  of  660  leaves  taken  from  population  C  and  from  population  D  are 
shown  in  figure  5.     Prey  density  initially  increased  rapidly,  but  in  both  popu- 
lations the  predator  restricted  prey  abundance  so  that  damage  to  the  alfalfa 
foliage  was  usually  slight.     Differences  in  the  initial  distribution  of  prey 
did  not  greatly  affect  subsequent  prey  or  predator  abundance  in  the  two  popu- 
lations, except  at  the  eighth  week  in  population  C  when  an  exceptionally  large 
number  of  prey  eggs  was  recorded.     A  single  predator  was  collected  at  the 
second  and  third  week  in  population  C  and  at  the  sixth  week  in  population  D. 

The  initial  dispersal  of  A.  fallacis  in  populations  C  and  D  is  summarized 
in  table  2.     In  population  C,  the  predator  migrated  over  five  flats  (1.77  m)  by 
the  second  and  third  sampling  periods,  and  in  population  D  the  first  predators 
were  not  collected  until  the  sixth  and  seventh  weeks  at  a  distance  of  9-11 
flats  (3.20-3.91  m)  from  the  release  point. 
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The  dispersal  of  T_.  urticae  and  A.  f allacis  among  the  66  flats  in  popula- 
tions C  and  D  is  shown  in  figure  3.     Populations  of  the  prey  dispersed  until 
they  were  collected  from  either  66  or  65  flats  by  the  10th  week.     In  popula- 
tions C  and  D,  A.  f allacis  migrated  initially  much  more  slowly  than  the  prey, 
but  spread  rapidly  between  the  8th  and  11th  weeks  until  they  were  recorded  from 
63  and  56  flats,  respectively. 

The  numbers  of  T.  urticae  and  A.  fallacis  recorded  each  week  in  quarters 
1,  2,  3,  and  4  in  populations  C  and  D  are  shown  in  figures  6  and  7,  respective- 
ly.    In  both  populations,  the  prey  required  about  5  weeks  to  migrate  from  the 
flats  on  which  they  were  released  to  adjacent  quarters.     In  population  C,  the 
predator  was  established  in  the  two  quarters  adjacent  to  its  release  point  in 
6  weeks  time  (when  more  than  single  individuals  were  recorded)  and  then  spread 
to  the  remaining  two  quarters  within  3  weeks.     In  population  D,  the  prey  were 
released  at  points  farthest  away  from  the  release  point  of  the  predator;  in 
this  case,  the  predator  was  collected  initially  from  all  quarters  at  approxi- 
mately the  same  time,  the  eighth  sampling  period. 

DISCUSSION  AND  CONCLUSIONS 

The  efficacy  of  using  colonies  of  acarine  predators  to  reduce  prey  density 
is  dependent  on  a  number  of  factors,  one  of  which  is  the  dispersal  of  preda- 
cious individuals  from  their  point  of  release  both  in  the  presence  and  absence 
of  their  prey.     Over  a  period  of  time,  dispersal  of  prey  and  predator  popula- 
tions is  a  complex  process  consisting  of  both  movement  of  individuals  to  new 
leaves  and  their  subsequent  reproduction  at  new  locations.     Measurements  of 
changes  in  population  distributions  were  attempted  by  statistical  techniques 
such  as  double  time  series  but  these  were  unsuitable  for  the  present  data.  The 
dispersal  of  A.  fallacis  was  examined,  therefore,  by  comparing  at  weekly  inter- 
vals changes  in  the  density  of  predator  populations  at  66  sampling  points  after 
small  numbers  of  the  predator  were  introduced  into  prey  populations  having  ini- 
tially different  dispersions. 

The  success  of  A.  fallacis  in  finding  prey  in  single  flats  of  alfalfa  de- 
pended on  initial  prey  and  predator  densities.     In  individual  flats  of  approxi- 
mately 1,200  leaves  each,  the  predator  became  established  1  week  after  20  prey 
and  five  predators  were  released  on  the  foliage.     In  flats  infested  with  only 
two  prey  and  one  predator,  on  the  other  hand,  predators  were  not  recorded 
throughout  several  weeks  of  sampling  (population  B) .    With  initially  very  low 
but  increasing  prey  density,  however,  continued  addition  of  small  numbers  of  A. 
fallacis ,  either  by  release  or  migration,  would  ensure  its  establishment  and 
dispersal  with  individual  flats. 

Variation  in  initial  dispersion  of  prey  populations  influenced  the  estab- 
lishment of  predator  populations;  the  more  distant  the  prey  were  located  from 
the  release  point  of  the  predators,  the  longer  the  predator  needed  to  be  re- 
leased before  individuals  were  collected  from  the  foliage  (table  2) .  After 
predator  establishment,  however,  initial  prey  distribution  did  not  greatly 
modify  the  efficacy  of  A.  fallacis -  in  limiting  prey  abundance.     If  counts  of 
mites  in  population  A  are  doubled  because  sample  size  was  one-half  of  that  in 
populations  C  and  D,  maximum  prey  numbers  in  populations  A,  C,  and  D  were  simi- 
lar (figs.  2  and  5).     In  addition,  the  numbers  of  flats  occupied  by  the  prey 
were  similar  in  all  three  populations  during  the  first  7  weeks  of  sampling  as 
were  those  occupied  by  the  predator  for  the  first  10  weeks.     The  similarities 
in  populations  A,  C,  and  D  arose  in  spite  of  their  initial  differences  because 
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the  prey  species  increased  in  abundance  and  migrated  initially  more  rapidly 
than  did  the  predator.    This  was  evident  within  the  first  2  weeks  of  propaga- 
tion on  single  flats  (table  1)  and  in  the  differential  rate  at  which  the  two 
species  spread  throughout  66  flats  (fig.  3).    By  the  time  the  predator  became 
established  in  populations  A,  C,  and  D,  the  prey  were  present  in  all  quarters 
of  each  population  (figs.  4,  6,  and  7).     The  migration  of  the  prey  species, 
therefore,  was  also  an  important  factor  in  the  dispersal  of  the  predator 
throughout  the  alfalfa  foliage. 

The  addition  of  small  numbers  of  A.  f allacis  over  a  period  of  time  to  low- 
density  populations  of  T.  urticae  infesting  alfalfa  was  effective  in  restrict- 
ing prey  abundance  to  about  one-half  that  attained  in  the  absence  of  daily 
releases  of  the  predator  (figs. 2  and  5).     In  view  of  these  results,  it  is  in- 
teresting to  note  that  on  individual  seedlings  of  Persea  indica  Spreng,  the 
predator  Amblyseius  limonicus  Garman  and  McGregor  reduced  the  density  of 
Oligonychus  punicae  (Hirst)  to  about  one-half  of  that  recorded  in  predator-free 
populations  (McMurtry  and  Scriven  1971) .  With  initially  uniform  distribution  of 
the  prey,  the  predator  migrated  maximal  distances  only  1  or  2  weeks  sooner  than 
it  did  with  colonial  dispersions;  however,  flats  near  the  release  point  of  the 
predator  were  cleared  of  prey  more  quickly  so  that  both  prey  abundance  and  dis- 
tribution were  restricted  sooner  (figs.  4,  6,  and  7).    Predation  by  A.  fallacis 
on  T_.  urticae  occurred  at  22.2°  C  which  is  near  the  lower  temperature  limit  at 
which  the  predator  is  able  to  limit  prey  abundance;  if  the  experiments  had  been 
conducted  at  a  higher  temperature,  the  restriction  in  prey  density  would  have 
taken  place  sooner  (Burnett  1970a) . 

The  present  study  indicates  that  use  of  small  self-sustaining  colonies  of 
A.  fallacis  which  release  small  numbers  of  predators  into  populations  of  T_.  ur- 
ticae continuously  could  increase  predation  sufficiently  to  restrict  subsequent 
prey  density.     It  would  be  preferable  to  use  more  small  colonies  rather  than 
fewer  large  ones  and  to  place  these  where  prey  feeding  has  been  observed.  Even 
though    there  is  usually  a  lag  in  the  development  of  predator  populations  in 
relation  to  those  of  its  prey,  the  numbers  of  the  predator  present  in  a  given 
area  of  alfalfa  foliage  would  be  increased  so  that,  once  suitable  temperatures 
prevailed,  predation  can  become  an  effective  mortality  agent  among  potentially 
damaging  natural  populations  of  T.  urticae. 
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THE  TIME  OF  DEVELOPMENT  OF  Trialeurodes  vaporariorum  AND 
Encarsia  formosa  AT  CONSTANT  AND  ALTERNATING  TEMPERATURES ,  AND 
ITS  IMPORTANCE  FOR  THE  CONTROL  OF  T.  vaporariorum 

Christian  Stenseth-*- 


INTRODUCTION 

Insecticide  application  for  control  of  the  greenhouse  whitefly  (Trial- 
eurodes vaporariorum  Westvood)  kills  only  certain  stages  of  the  whitefly. 
Successful  parasitism  by  Encarsia  formosa  Gahan  to  control  the  whitefly  is 
most  likely  when  the  parasite  oviposits  in  third  and  fourth  larval  instar. 
Knowledge  about  the  time  of  development  in  both  the  greenhouse  whitefly  and 
Encarsia  is  therefore  necessary  for  planning  and  timing  of  both  chemical  and 
biological  control. 

TIME  OF  DEVELOPMENT  OF  THE  WHITEFLY 

Figure  1  shows  the  relationship  between  constant  temperatures  and  time  of 
development  of  eggs,  larval  instars  one,  two,  and  three,  and  larval  instar 
four,  and  pupae  of  the  whitefly.     The  time  of  development  depends  on  the  tem- 
perature regime. 


I  I  I  I  I  |_ 

5  10  15  20  25 

DAYS 

Figure  1. — Relationship  between  temperature  and  time  of  development 
of  the  greenhouse  whitefly  (Trialeurodes  vaporariorum) . 
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The  eggs  have  the  shortest  time  of  development,  varying  from  3  days 
at  30°  C  to  18  days  at  15°  C.     For  the  larval  instars  one,  two,  and  three,  the 
time  of  development  is  about  equal  for  each  instar;  and,  for  all  three  instars 
together,  the  time  of  development  is  7  days  at  30°  C  and  25  days  at  15°  C. 
Fourth  instar  and  pupae  require  7  days  for  development  at  30°  C  and  24  days  at 
15°  C. 

At  temperatures  alternating  between  15°  C  during  night  and  24°  C  during 
day,  the  time  of  development  is  shorter  than  expected  on  the  basis  of  constant 
temperatures  (fig.  2).     At  temperatures  alternating  between  18°  C  and  24°  C, 
the  time  of  development  is  about  the  same  as  expected  on  the  basis  of  constant 
temperatures . 


Hatching  Third  Hatching 

Eggs  Moult  Pupae 


n       i       i       i  1  1  1  1  r 

10  20  30  40  50 


Figure  2. — Expected  and  observed  time  of  development  of  the  green- 
house whitefly  (Trialeurodes  vaporariorum)  at  alternat- 
ing night  and  day  temperatures,  15°  C  +  24°  C. 

CHEMICAL  CONTROL 

The  difficulties  in  chemical  control  are  caused  by  the  fact  that  fourth 
instar  and  pupa  are  tolerant  against  chemicals.     The  eggs  are  also  tolerant 
against  some  chemicals.     The  larval  instars  one,  two,  and  three,  and  adult 
whitefly  are  killed;  and  the  residual  effect  of  the  insecticides  is  therefore 
important  for  adequate  control.     The  preoviposition  period  in  the  whitefly  is 
about  24-48  hours,  which  also  makes  the  control  difficult.     Repeated  chemical 
treatments  are  therefore  necessary  to  obtain  control. 

The  frequency  of  the  treatments  depends  on  the  type  of  chemical.     If  the 
chemical  has  weak  residual  effect  such  as  dichlorvos  has  and  kills  only  larval 
instars  one,  two,  and  three,  and  the  adult,  the  treatments  will  have  to  be 
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repeated  before  larvae  emerging  after  the  treatment  enter  into  the  fourth  lar- 
val instar.     To  prevent  this,  each  succeeding  treatment  must  not  exceed  the 
time  of  development  of  the  first  three  larval  instars. 

If  the  chemicals  have  residual  effect  against  emerging  larvae,  the  time 
between  the  treatments  will  depend  on  both  the  time  of  residual  effect  and 
time  of  development  in  the  first  three  instars.     The  next  question  is,  thus, 
over  how  long  a  period  should  the  treatments  be  repeated.     As  fourth  larval 
instar  and  pupae  are  not  killed,  the  period  of  treatment  must  at  least  cover 
the  time  of  development  in  these  stages.     This  short  preoviposition  period  al- 
lows the  adult  to  oviposit  between  each  treatment;  and,  if  the  eggs  are  not 
killed,  the  period  of  treatments  must  cover  the  time  of  development  in  the 
eggs,  fourth  instar,  and  pupae. 

TIME  OF  DEVELOPMENT  OF  Encarsia  formosa 

Table  1  shows  the  time  of  development,  from  oviposition  to  emergence  of 
the  adult  insect,  in  Encarsia  formosa  and  the  whitefly.     At  constant  tempera- 
tures, the  time  of  development  in  the  parasite  is  subequal  to  the  whitefly. 
At  alternating  temperatures,  the  differences  in  time  of  development  are  rela- 
tively greater  between  the  two  species  than  at  constant  temperatures. 


Table  1. — The  time  of  development  in  Encarsia  formosa  and  Trial- 
eurodes  vaporariorum  at  different  constant  and  fluctu- 
ating day  and  night  temperatures  (Stenseth  1971,  1975) 


Temperature 
(°C) 

Time  of  development  in  days 
E.  formosa        T.  vaporariorum 

Ratio 
T. v.  :E_. f_. 

18 

29-39 

37-42 

1.18 

21 

25-35 

26-30 

1.08 

24 

16-24 

22-25 

1.18 

27 

13-17 

30 

18-21 

18+24 

22-30 

30-40 

1.37 

21+27 

15-19 

BIOLOGICAL  CONTROL 

Burnett  (1962)  has  pointed  out  the  importance  of  an  even  age  structure  in 
the  parasite  population  at  the  start  of  the  host  parasite  interaction.  This 
counteracts  fluctuations  in  abundance  of  the  host  and  parasite. 

Successful  parasitism  is  most  likely  when  the  parasite  oviposits  in  the 
third  or  fourth  larval  instar  of  the  whitefly.     An  even  age  structure  in  the 
parasite  population  will  therefore  depend  on  the  occurrence  of  the  parasites 
from  the  time  of  the  first  release  of  parasites  into  the  houses  until  emer- 
gence of  its  offspring. 

This  can  be  obtained  in  two  ways. 

First,  by  release  or  introduction  of  the  parasite  at  one  time,  but  in 
several  different  age  classes  which  cover  the  complete  time  of  development  of 
the  parasite. 

Alternatively,  by  release  of  one  age  class  of  the  parasite  and  then  re- 
peating this  release  in  accordance  with  the  time  of  development  and  reproduc- 
tive period  of  Encarsia  formosa. 
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At  the  temperature  combination  18°  C  (night)  and  24°  C  (day) ,  the  time  of 
development  in  Encarsia  formosa  is  22  to  30  days  and  the  parasite  emerges  from 
the  parasitized  scales  in  about  8  days.     In  glasshouses  Burnett  (1949)  antici- 
pates a  life  span  in  E.  formosa  of  4  to  6  days.     Using  this  one  introduction 
of  parasitized  scales  as  a  base  would  give  occurrence  of  parasites  12  to  14 
days  after  introduction,  and  two  introductions  at  about  a  12-day  interval 
should  produce  a  balanced  parasite  occurrence  until  the  new  generation  emerges. 

Hussey  and  Gurney  (1960)  have  shown  how  the  whitefly  seeks  out  young 
leaves  of  sprouting  shoots  to  oviposit.     Within  the  leaf,  especially  on  cucum- 
ber and  tomatoes,  the  age  of  the  whitefly  larvae  therefore  is  relatively  uni- 
form.    As  a  consequence  the  age  distribution  of  the  parasite  also  becomes 
fairly  even,  because  successful  parasitism  normally  occurs  in  third  and  fourth 
larval  instar. 

Figure  3  takes  into  consideration  the  time  of  oviposition  as  well  as  the 
time  of  development  of  the  host  and  the  parasite  at  18°  C  night  temperature 
and  24°  C  day  temperature.     Nonparasitized  whitefly  larvae  will  give  emergence 
of  adult  whiteflies  7  days  before  the  emergence  of  the  parasite.     Pruning  the 
plants  or  removing  waste  leaves  may  thus  be  of  some  importance  for  the  para- 
site-host ratio. 
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Figure  3. — Expected  sequence  of  development  of  the  whitefly  (Trial- 
eurodes  vaporariorum)  and  the  parasite  Encarsia  formosa 
inside  a  leaf  at  alternating  night  and  day  temperatures. 

If  the  leaves  are  removed  before  they  are  15  days  old,  the  parasite  is 
favored.     If  5-6  weeks  old  leaves  are  removed,  the  whitefly  is  favored.  On 
leaves  more  than  8  weeks  old,  the  greater  part  of  the  parasites  have  emerged, 
and  deleafing  is  of  no  consequence  for  the  interaction  between  the  host  and 
the  parasite. 
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THE  WHITEFLY-Encarsia  SYSTEM:  A  MODEL  FOR  BIOLOGICAL  CONTROL 
ON  SHORT-TERM  GREENHOUSE  CROPS 


Robert  G.  Helgesen  and  Maurice  J.  Tauber 

Past  practices  have  shown  that  biological  control  of  the  greenhouse  white- 
fly,  Trialeurodes    vaporariorum  Westwood,  by  Encarsia  f ormosa  Gahan,  a  small 
aphelinid  wasp,  was  practical.     And  biological  control  of  this  whitefly  has 
been  practiced  for  some  50  years  now.     But,  for  a  number  of  reasons,  particu- 
larly because  of  the  convenience  of  chemical  control  and  difficulties  in 
achieving  rapid  control  in  short-term  greenhouse  crops,  it  has  not  yet  been 
accepted  by  the  ornamentals  industry  as  a  commercial  control  procedure.  Much 
of  what  we  know  about  the  quantitative  ecology  of  the  whitefly  and  Encarsia, 
particularly  the  effect  of  temperature  on  the  interaction  of  these  two  popula- 
tions, has  been  elucidated  by  Burnett  (1949).     More  recently,  there  has  been 
active  research  in  the  application  of  this  system  to  commercial  greenhouse 
crop  production  in  several  European  countries  and  in  North  America. 

Historically,  Encarsia  was  used  to  control  whiteflies  in  relatively  long- 
term  greenhouse  food  production,  e.g.,  tomatoes.     However,  we  were  interested 
in  the  problems  limiting  Encarsia ' s  use  in  short-term  crop  production.  And, 
in  this  context,  we  were  intrigued  with  three  or  four  problems  with  the  white- 
f ly- Encarsia  system: 

1.  Could  this  system  be  applied  to  short-term  greenhouse  crop  production? 
That  is,  could  we  establish  Encarsia  quickly  enough  to  control  the  whitefly  by 
market  time? 

2.  Could  Encarsia  be  applied  to  an  ornamental  crop  and  reduce  the  white- 
fly to  levels  acceptable  to  the  grower  and  consumer? 

3.  Was  there  a  short-term  ornamental  crop  where  there  were  no  other  in- 
sect pests  besides  whiteflies,  so  that  our  experimental  environment  was  similar 
to  the  commercial  environment?    That  is,  was  there  a  crop  in  which  we  would  not 
have  to  artificially  exclude  insects  that  are  extraneous  to  the  whitefly- 
Encarsia  system? 

Poinsettia  serves  as  such  a  short-term  crop.     At  least  in  the  northeastern 
United  States,  where  it  is  an  important  seasonal  crop,  we  can  expect  most  poin- 
settias  to  be  infested  by  only  one  insect  pest,  the  greenhouse  whitefly.  We 
can  expect  this  infestation  very  early  during  crop  establishment,  either 
through  infested  cuttings  from  the  propagator  or  from  the  resident  populations 
in  or  around  the  greenhouse. 

A  more  far-reaching  consideration  was  whether  this  specific  system  could 
serve  as  a  basis  for  developing  a  general  approach  to  applying  biological  con- 
trol of  insect  pests,  particularly  to  short-term  ornamental  greenhouse  crops. 

The  uniqueness  of  the  short-term  ornamental  crop  is  that  we  have  a  rela- 
tively short  period  of  time  to  establish  the  beneficial  species  and  a  rela- 
tively short  time  for  that  species  to  reduce  the  pest  population  to  densities 
acceptable  to  the  consumer  (Tauber  and  Helgesen  1974) .     Regarding  this  unique- 
ness, what  kinds  of  questions  must  be  answered  to  make  the  biological  control 
system  operational? 

The  major  questions  we  addressed  were: 
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1.  How  do  we  release  the  beneficial  species? 

2.  When  do  we  release  it? 

3.  How  many  do  we  release? 

4.  How  should  the  greenhouse  environment  be  managed? 

Burnett's  (1949)  studies  of  the  whitef ly-Encarsia  system  were  fundamental 
in  answering  some  of  these  questions.     To  insure  optimum  establishment  of  the 
parasite,  the  occurrence  of  adult  parasites  and  availability  of  susceptible 
stages  of  the  host  should  coincide.     Burnett's  work  showed  that  large  scales 
were  the  most  suitable  host  for  Encarsia.     We  introduced  the  parasite  by  plac- 
ing parasitized,  melanized  whitef ly  scales  in  the  greenhouse.     We  had  to  time 
the  introduction  of  these  scales  so  that  the  period  of  adult  Encarsia  emer- 
gence coincided  with  the  earliest  peak  occurrence  of  large  scales.  Predicting 
the  synchrony  of  the  parasite  and  host  required  a  knowledge  of  the  expected 
temperature-related  development  time  which  was  established  by  Burnett  (1949) 
and  more  recently  by  Stenseth  (1971) . 

In  addition  to  synchronization,  we  had  to  determine  the  ratio  of  para- 
sites to  hosts;  more  specifically,  we  had  to  establish  a  ratio  that  would 
maximize  parasitism  of  the  first  peak  occurrence  of  large  scales.     For  any  ef- 
ficient insect  pest  management  program,  it  is  important  to  maximize  parasitism 
of  the  first  peak  occurrence  of  the  pest;  but  this  is  essential  in  a  short- 
term  crop  such  as  poinsettias,  where  there  is  insufficient  time  to  stabilize 
the  interaction  of  the  two  populations  at  low  densities. 

To  determine  the  importance  of  the  ratio  of  parasites  and  hosts  to  be  re- 
leased, we  established  low  and  high  parasite  ratios,  more  specifically,  ratios 
of  1  parasite: 100  large  scales  and  1  parasite: 30  large  scales.     The  1:30  ratio 
was  based  on  the  expected  fecundity  of  Encarsia  under  our  experimental  condi- 
tions . 

In  order  to  consider  the  influence  of  temperature  which  had  previously 
been  shown  to  strongly  affect  long-term  population  trends  in  this  host-para- 
site system,  we  observed  the  interaction  at  different  temperatures.     We  intro- 
duced the  parasites  into  a  poinsettia  crop  of  500  plants  so  that  adult  para- 
site emergence  coincided  with  the  development  of  the  large  scale  population. 
Based  on  our  population  studies,  we  were  able  to  predict  the  survival  of 
scales  from  the  small  to  large  age  class  and  adjust  the  ratio  in  relation  to 
the  survival  of  scales  through  this  period.     At  19°  C,  when  the  release  ratio 
was  1:100,  the  population  peak  was  at  300  whitef lies/leaf ,  and  at  time  of  har- 
vest it  was  at  70  whitef lies/leaf .     This  population  represented  a  4  X  reduc- 
tion (Helgesen  and  Tauber  1974) . 

In  the  1972  and  1973  experiments,  when  the  release  ratio  was  1:30,  the 
whitef ly  population,  which  peaked  at  500  and  400/leaf,  respectively,  declined 
to  100/leaf  and  20/leaf.     These  figures  represented  a  5  X  and  20  X  reduction, 
respectively.     Therefore,  in  answer  to  our  first  two  questions,  we  think  that 
Encarsia  can  be  applied  effectively  to  control  whitefly  on  very  short-term 
ornamental  crops.    We  showed  that  Encarsia  can  be  effective,  but  what  are  the 
specific  effects  of  (1)  the  host-parasite  release  ratio,     (2)  the  time  of  re- 
lease, and  (3)  the  greenhouse  temperature  on  the  host-parasite  system?    At  the 
ratio  of  1:100  we  observed  25  percent  parasitism  and  this  resulted  in  a  dis- 
appointing reduction  of  the  large  scale  population.     The  relatively  low  per- 
centage parasitism  was  not  because  of  poor  timing  of  the  release,  but  was 
probably  related  to  the  effect  of  low  temperature  on  the  development  of  scales 
and  parasites  and  the  low  release  ratio.     In  contrast  to  this,  the  1972  and 
1973  experiments  had  a  1:30  release  ratio  and  higher  temperatures.  This 
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resulted  in  60  percent  and  50  percent  parasitism,  respectively.     Again,  the  re- 
lease appeared  to  be  well-timed,  although  it  could  have  been  a  few  days  earli- 
er.    The  rate  of  increase  of  parasites  was  the  same  as  that  of  the  whitefly 
pupae  until  peak  occurrence,  thus  indicating  the  number  of  adult  parasites  was 
adequate.     However,  this  rate  was  not  sustained  beyond  peak  occurrence.  To 
solve  this  problem,  we  suggest  that  the  effect  of  the  single  release  method  be 
sustained  by  increasing  the  longevity  and/or  fecundity  of  the  adult  parasite 
or  by  a  release  of  a  mixed  age  class  of  parasites. 

We  believe  that  12.  f ormosa  can  be  used  to  control  the  greenhouse  whitefly 
efficiently  on  very  short-term  ornamental  crops  like  poinsettia  by  (a)  accu- 
rate timing  of  the  parasite  release,   (b)  accurate  estimation  of  the  parasite 
release  ratio,  and  (c)  managing  the  temperature  to  optimize  the  whitef ly-para- 
site  interaction.     To  achieve  the  desired  whitefly  control  in  a  very  short- 
term  crop,  the  timing  of  the  parasite  release  must  coincide  with  the  first 
peak  occurrence  of  large  scales  or  there  will  be  insufficient  time  for  the 
parasite  to  achieve  the  desired  reduction  of  whitef lies.     Also,  the  release 
ratio  must  take  into  account  the  density  of  the  whitefly  host  in  the  crop. 

Finally,  'although  we  recognize  the  importance  of  temperature  on  the 
whitef ly-parasite  interaction,  within  the  limits  of  the  temperature  range 
which  we  studied,  manipulation  of  the  release  procedure  can  compensate  for 
temperature  effects.     This  means  that  even  in  energy-saving  ornamental  varie- 
ties which  have  been  recently  developed,  we  can  adjust  our  system  to  compen- 
sate for  lower  greenhouse  crop  production  temperatures.     Certainly  we  see  an 
early,  single,  mixed  age  class  release  of  parasites  as  a  very  efficient  proce- 
dure for  whitefly  control  under  short-term,  commercial  production  of  ornamen- 
tals. 
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ECOLOGICAL  ASPECTS  OF  PARASITE  USE  UNDER  GLASS 
M.  S.  Ledieu2 


INTRODUCTION 

In  the  United  Kingdom,  the  glasshouse  whitefly,  Trialeurodes  vaporariorum, 
is  a  serious  pest  of  glasshouse  crops  such  as  tomatoes,  cucumbers,  and  several 
ornamentals.     As  a  consequence  of  resistance  to  insecticides  and  the  advent  of 
less  environmentally  hazardous  methods  of  control,  including  biological  tech- 
niques of  British  growers,  the  reliance  on  chemical  control  has  begun  to  de- 
crease.    Extensive  research  (Parr  1968,  Anonymous  1972,  Gould  et  al.  1975,  and 
Parr  et  al.  1976)  has  demonstrated  the  potential  of  Encarsia  f ormosa  to  control 
glasshouse  infestations  of  T_.  vaporariorum.     Despite  problems  (Parr  and  Scopes 
1971),  growers  have  shown  increasing  interest  in  the  use  of  these  techniques. 
This  is  demonstrated  by  the  fact  that  the  commercial  producers  of  the  parasite 
estimate  that  they  supplied  20  percent  of  the  total  U.  K.  heated  glasshouse 
tomato  acreage  with  parasites  in  1975  and  40  percent  in  1976  and  they  antici- 
pate supplying  60  percent  in  1977. 

In  the  past,  research  on  the  use  of  _E.  f ormosa  has  been  largely  empirical. 
The  experiments  to  be  described  seek  a  better  understanding  of  how  to  manage 
the  use  of  this  parasite  by  examining  its  ecology  with  particular  reference  to 
the  mechanisms  for  searching  and  locating  its  host  in  a  crop. 

MATERIALS  AND  METHODS 

In  each  of  a  series  of  experiments,  about  1,000  adult  parasites  were  re- 
leased from  the  center  of  a  20  x  15  foot  glasshouse  in  sunny  weather.  The 
house  was  stocked  with  potted  tobacco  plants,  1-2  feet  high,  a  proportion  of 
which  were  clean  controls.     The  rest  were  deliberately  contaminated  with  either 
the  parasite's  host,  a  host  product,  or  a  product  of  a  nonhost  species.  Para- 
sites flew  from  a  central  release  point,  and  the  numbers  found  on  each  plant 
were  recorded  at  intervals. 

Experiment  la 

The  glasshouse  was  divided  diagonally  by  six  clean  "guard"  plants  into 
two  sectors  each  containing  21  plants.     In  one  sector,  12  plants  infested  with 
third-fourth  instar  whitefly  scales  were  distributed  evenly  among  the  remaining 
nine  clean  plants,  creating  a  "high  density  sector,"  while  four  infested  among 
17  clean  plants  created  a  "low  density  sector"  in  the  other  half  of  the  house. 
The  numbers  of  parasites  on  each  plant  were  recorded  1  and  24  h  after  their  re- 
lease from  the  center  of  the  house. 


L  Presented  by  Dr.  N.  E.  A.  Scopes. 

2  Glasshouse  Crops  Research  Institute,  Littlehampton,  West  Sussex,  United 
Kingdom. 
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Experiment  lb 


This  ran  concurrently  with  Experiment  la,  using  the  same  plants.     The  32 
"clean"  control  plants  were  dusted  with  micronized  fluorescent  dust  (Saturn 
Yellow  'MF-7'   :  H.  Haeffner  &  Co.  Ltd.,  Chepstow,  Monmouthshire,  U.  K.)  using 
a  Kyoritsu  dust  applicator.     The  scale  infested  plants  received  no  marker  dust. 
Immediately  after  the  24  h  count  of  Experiment  la,  parasites  were  collected  in 
gelatin  capsules  from  plants  either  near  the  central  release  point  or  near  the 
edge  of  the  glasshouse  about  10  feet  away.     The  parasites  were  rapidly  immo- 
bilized by  deep  freezing.     Microscopic  examination  under  ultraviolet  illumina- 
tion revealed  whether  or  not  parasites  had  visited  the  dusted  host-free  plants. 

Experiment  2 

Eighteen  plants  were  treated  with  aldicarb  granules  to  keep  them  free  of 
sucking  insects.     Six  were  contaminated  with  whitefly  honeydew  by  placing  them 
under  whitefly  scale  infested  tobacco  plants;  six  were  contaminated  with  aphid 
honeydew  by  placing  them  under  cucumber  plants  heavily  infested  with  Aphis 
gossypii  Glover,  a  nonhost  insect;  the  remaining  six  were  kept  "clean."  The 
18  plants  were  arranged  in  three  concentric  circles  around  a  central  parasite 
release  point.     Each  circle  consisted  of  two  plants  from  each  of  the  three 
treatments,  with  similar  plants  diametrically  opposed.     The  number  of  para- 
sites found  on  each  plant  was  recorded  1  and  24  h  after  release. 

RESULTS 

Table  1  (Experiment  la)  demonstrates  the  response  of  the  parasite  to  a 
choice  between  host-infested  and  clean  plants.     A  Discrimination  Index  (D.I.) 
was  obtained  by  dividing  the  number  of  parasites  per  infested  plant  by  the  num- 
ber per  clean  plant.     The  D.I.'s  for  1  and  24  h  after  parasite  release  show 
that  more  than  10  times  and  almost  30  times  more  parasites,  respectively,  were 
found  on  host-infested  plants  than  on  clean  plants.     The  table  also  shows  the 
distribution  of  parasites,  with  progressively  fewer  being  found  as  the  radial 
distance  from  the  release  point  increases.     Parasites  were  found  on  plants  10- 
12  feet  from  the  release  point  within  5  minutes  of  release. 

Table  2  (Experiment  la)  shows  the  parasite's  response  to  a  choice  between 
high  and  low  host  densities.       The  greatest  number  of  parasites    and  para- 
sites per  plant    were  invariably  found  on  infested  plants,  in  the  high  density 
sector.     This  was  also  reflected  in  the  D.I.  values  which  were  highest  in  this 
sector.     The  number  of  parasites  per  infested  plant  were  similar  in  each  sector 
24  h  after  release.     The  total  number  of  parasites  in  each  sector  was  roughly 
proportional  to  the  number  of  infested  plants  in  each  sector. 

The  majority  of  parasites  collected  from  uninfested  (marked)  plants  were 
contaminated  with  the  marker  (table  3,  Experiment  lb).     Conversely,  those  from 
infested  (unmarked)  plants  were  mostly  uncontaminated .     This  contrast  was  more 
obvious  in  the  samples  taken  from  near  the  center  of  the  house  than  in  those 
from  the  edge. 

In  Experiment  2,  where  the  choice  lay  between  clean  plants,  plants  bear- 
ing aphid  honeydew,  and  plants  bearing  whitefly  honeydew,  the  majority  of 
parasites  were  found  on  host  honeydew  plants  (table  4) .     One  hour  after  re- 
lease, more  parasites  were  found  on  the  aphid  honeydew  plants  than  the  clean 
controls,  though  after  24  h  the  numbers  on  each  were  similar  and  very  low. 
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This  contrasted  with  the  host  honeydew  plants,  where  parasite  numbers  were 
still  high  24  h  after  release. 

In  all  the  experiments  the  total  number  of  parasites  found  on  the  plants 
was  low  in  proportion  to  the  number  released. 
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Table  2. — Response  of  Encarsia  f ormosa  to  a  choice  between  low  and 
high  density  whitefly  infestations 


Hours 
after 
release 


Low  density 


infested 
plants 


17 
clean 
plants 


High  density 


12 

infested 
plants 


9 

clean 
plants 


1  h: 

Parasites /plant 
No.  parasites 
Total  parasites 
Discrimination 
Index 


20.8 
83 


118 


9.9 


2.1 

35 


30.9 
371 


377 


44. 1 


0.7 
6 


24  h: 

Parasites /plant 
No.  parasites 
Total  parasites 
Discrimination 
Index 


70.5 
282 


341 


20.1 


3.5 
59 


75.3 
903 


914 


62.8 


1.2 
11 


Table  3. — Numbers  of  self-marked  Encarsia  formosa  in  samples  taken 
from  both  infested  and  uninfested  plants,  both  near  the 
center  and  at  the  boundary  of  the  glasshouse 

Uninfested  (marked)  plants        Infested  (unmarked)  plants 

Parasite  Center  Outer  Center  Outer 

No.  marked  16  9  12 

Total  no.  sampled  19  10  31  10 

Percent  marked  84  90  3  20 


Table  4. — Response  of  Encarsia  formosa  to  a  choice  between  clean 


plants  and  plants 
host  honeydew 

bearing 

either  host  honeydew 

or  non- 

Hours  after 
release 

Total  parasites 

Clean 

Nonhost  (aphid) 
honeydew 

Host  (whitefly) 
honeydew 

------  Percent  - 

1  h 

342 

2 

26 

72 

24  h 

96 

7 

6 

87 

78 


DISCUSSION 


The  rapidity  with  which  Encarsia  f ormosa  located  its  host  within  a  crop 
containing  a  mixture  of  whitefly- infested  and  clean  plants  was  unexpected. 
Casual  observations  had  previously  suggested  that  the  parasite  was  not  a  strong 
flier  and  apparently  preferred  walking.     This  view  was  first  discredited  when 
it  was  found  that  the  parasite  located  its  host  12  and  45  feet  from  a  release 
point  within  2  and  6  days,  respectively  (Parr  et  al.  1975).     However,  even 
this  rate  of  dispersal  is  slow  compared  with  the  10-12  feet  covered  by  the 
parasites  within  5  minutes  of  the  experiment  described  here. 

Most  parasites  congregated  on  the  host-infected  plants,  suggesting  that 
they  were  somehow  able  to  discriminate  between  clean  and  infested  foliage.  The 
Discrimination  Indices  show  that  this  selection  was  even  more  marked  after  24 
h.     It  appears,  then,  that  the  host  produces  some  stimulus  which  either  at- 
tracts the  parasites  to,  or  arrests  them  on,  plants  bearing  the  host. 

Table  2  confirms  the  possibility  of  a  stimulus,  since  host  density  was 
found  to  influence  the  parasites.     The  Discrimination  Index  was  much  larger  in 
high  host  densities  than  in  low,  indicating  that  parasites  located  their  host 
more  easily  when  more  were  present.     Indeed,  there  seemed  to  be  a  direct  pro- 
portional relationship  between  host  density  and  parasite  response,  since  the 
total  number  of  parasites  attracted  to  each  sector  was  roughly  proportional  to 
the  number  of  infested  plants. 

Experiment  lb  shows  that  the  self-marking  of  parasites  was  effective, 
since  those  collected  from  uninfested  (marked)  plants  were  mostly  contaminated 
with  fluorescent  marker  (table  3).     However,  few  of  those  collected  from  in- 
fested (unmarked)  plants  were  contaminated,  suggesting  that  the  parasites  had 
reached  these  plants  without  visiting  uninfested  (marked)  foliage  en  route. 
The  accuracy  of  this  detection  process  was  greatest  nearest  the  release  point. 
These  results  are  incompatible  with  the  hypothesis  that  parasites  search  at 
random  and  are  arrested  only  where  they  locate  hosts.     Rather,  they  suggest 
that  the  parasites  react,  at  a  distance,  to  a  volatile  attractant  produced  by 
the  host  which  they  are  able  to  detect  in  flight. 

The  parasites  also  congregated  on  plants  bearing  aphid  or  whitefly  honey- 
dew  rather  than  on  clean  plants  (table  4).     However,  the  influence  of  the  aphid 
honeydew  was  short-lived,  and  after  24  h  these  plants  were  no  more  attractive 
than  control  plants.     Plants  bearing  whitefly  honeydew,  on  the  other  hand, 
maintained  their  attractiveness.     These  results  suggest  that  the  parasites  re- 
acted to  two  different  stimuli;  the  stronger,  more  persistent  response  was  to 
the  volatile  attractant  which  must  also  have  been  present  in  whitefly  honeydew, 
while  the  weaker,  short-lived  response  was  probably  to  the  arrestant  properties 
of  a  sweet  food  source,  which  in  the  absence  of  oviposition  sites  was  only  of 
temporary  interest. 

The  fact  that  Encarsia  f ormosa  is  guided  to  its  host  by  a  volatile  at- 
tractant, proportional  to  host  density,  suggests  that  the  parasite  is  naturally 
guided  to  areas  suitable  for  parasitization.     It  is  expected  that  there  is  a 
threshold  below  which  the  stimulus  is  ineffective  and  that  this  is  directly 
proportional  to  host  density  and  inversely  proportional  to  the  square  of  the 
distance  separating  the  parasite  from  the  attractant  source.     Frequent  parasite 
release  points  should  therefore  achieve  good  dispersal.     The  observation  that 
the  density  of  parasites  is  highest  near  the  release  point,  even  after  24  h 
(table  1),  suggests  that  low  host  density  would  promote  dispersal  as  a  result 
of  intense  competition  for  oviposition  sites  near  release  points.     It  is 
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probable  that  convection  currents  from  the  plants,  soil,  and  glasshouse  struc- 
ture distort  the  diffusion  of  the  attractant,  thus  introducing  an  element  of 
confusion  into  the  parasite's  searching.     This  might  be  beneficial  to  parasite 
dispersal  by  ensuring  wider  search  than  would  be  expected  under  absolutely 
calm  conditions. 

These  studies  on  the  ecology  of  the  parasite  complement  other,  largely 
empirically  based  work  (Parr  et  al.  1976)  in  suggesting  that  introductions  of 
Encarsia  f ormosa  are  most  likely  to  succeed  where  the  "pest  in  first"  method 
of  introduction  is  used  to  produce  an  even,  low  density,  whitefly  infestation. 

SUMMARY 

The  parasite,  Encarsia  f ormosa  Gahan,  was  able  to  locate  isolated  colo- 
nies of  whitefly  scales  (Trialeurodes  vaporariorum  Westwood)  in  an  otherwise 
uninfested  crop  within  a  few  minutes,     whitefly  honeydew,  in  the  absence  of 
scales,  was  located  by  the  parasite  with  similar  accuracy.    A  technique  of 
marking  the  parasites  revealed  that  they  were  attracted  to  plants  bearing 
whitefly  scales  or  their  honeydew,  and  not  just  arrested  there  after  random 
searching.     The  response  of  the  parasite  to  this  attractant  was  proportional 
to  host  density.     Aphid  honeydew  appeared  initially  to  be  slightly  attractive 
to  parasites  but  was  abandoned  within  24  h.     This  apparent  attraction  was  prob- 
ably due  to  the  sweet  food  source  temporarily  arresting  the  parasites. 

It  is  concluded  that  the  flying  parasite  is  able  to  locate  its  host  by 
some  volatile  substance,  produced  by  the  scale  and  present  in  the  host  honey- 
dew.    This  volatile  attractant  is  probably  specific  to  the  whitefly. 
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DEVELOPMENT  AND  ESTABLISHMENT  OF  BIOLOGICAL  CONTROL 
OF  SOME  GLASSHOUSE  PESTS  IN  THE  NETHERLANDS 

J.  C.  van  Lenteren-'-  and  J.  Woets^ 


INTRODUCTION 

Production  of  vegetables  in  glasshouses  is  very  important  in  The  Nether- 
lands; the  total  area  covered  by  glass  is  7900  ha,  which  is  about  a  quarter  of 
the  world  glasshouse  area  (4700  ha  of  these  are  used  for  the  culture  of  vege- 
tables of  which  cucumber,  tomato,  lettuce,  paprika,  and  aubergine  make  up  80 
percent,  3100  ha  for  flowers,  and  100  ha  for  fruit  trees). 

One  of  the  major  glasshouse  pests,  the  twospotted  spider  mite  (Tetranychus 
urticae  Koch)  became  resistant  to  many  pesticides,  and  a  biological  control 
method  was  developed  to  curb  this  pest.     The  use  of  Phytoseiulus  persimilis 
A.-H.,  which  is  a  predator  of  T.  urticae,  has  now  been  widely  accepted  as  con- 
trol agent  (Hussey  and  Bravenboer  1971) . 

When  biological  methods  are  used  as  a  part  of  control  programs,  other  pest 
organisms  cannot  be  controlled  by  broad  spectrum  pesticides  and  more  specific 
methods  have  to  be  developed.     Therefore,  after  the  more  or  less  successful 
trials  before  and  after  the  Second  World  War,  a  new  attempt  was  made  to  use 
Encarsia  f ormosa  to  control  the  greenhouse  whitefly,  Trialeurodes  vaporariorum 
Westwood  (Woets  1973,  1976,  and  table  1).     An  example  of  the  development  of 
this  control  measure  will  be  illustrated  with  appropriate  data. 


Table  1. — Area  (in  ha)  on  which  successful  biological  control  was 
achieved  with  Phytoseiulus  persimilis  in  cucumbers  and 
paprika  and  with  Encarsia  f ormosa  in  tomatoes 


Cucumber 

Paprika 

Tomato1 

Planted 

With 

Planted 

With 

Planted 

With 

before 

P.  per- 

Per- 

before 

P_.  per- 

Per- 

before 

E.  f or- 

Per- 

Year 

June 

similis 

cent 

June 

similis 

cent 

June 

mosa 

cent 

1969 

860 

25 

2 

2,200 

1970 

870 

200 

25 

2,380 

1971 

750 

75 

10 

70 

2,430 

4 

1972 

840 

100 

12 

75 

2,290 

20 

1 

1973 

790 

150 

20 

150 

10 

7 

2,040 

120 

5 

1974 

785 

150 

20 

160 

20 

12 

2,090 

400 

20 

1975 

785 

150 

20 

160 

20 

12 

2,060 

600 

30 

1  Excludes  nonheated  houses. 

1  Department  of  Ecology,  Zoological  Laboratory,     University  of  Leiden,  The 
Netherlands . 

2  Glasshouse  Crop  Research  and  Experiment  Station,  Naaldwijk,  The  Nether- 
lands . 
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Introduction  of  Encarsia  f ormosa  Gahan  in  various  crops  had  highly  differ- 
ent results.     Observations  in  practice  as  well  as  experimental  data  generated 
the  assumption  that  differences  in  host-plant  quality  influencing  the  develop- 
ment rate  of  the  whitefly,  and  differences  in  structure  of  the  leaf  surface  of 
the  host  plant  influencing  parasitization  efficiency  of  the  parasite,  are  the 
main  factors  affecting  the  outcome  of  the  control  measures.     The  differences 
in  the  degree  of  success^  are  summarized  below: 


Aubergine  (eggplant) 

Cucumber 

Tomato 

Paprika  (sweet  pepper) 


T.  vaporariorum 
Tdevelopmental 

rate)  

+  + 
+ 
+ 


E.  f ormosa 
Xparasitization 
efficiency) 


+ 
+ 


Control 

success 
+ 


Not  necessary 


T.  vaporariorum  AND  HOST  PLANT  SELECTION 

Flight  experiments  in  a  1  mJ  black  chamber  with  an  overhead  light,  and  ob- 
servations of  the  behavior  of  the  whiteflies  after  landing  on  a  plant,  showed 
us  that  it  is  only  after  landing  that  the  whitefly  is  able  to  detect  whether  it 
had  landed  on  a  suitable  host  plant  or  not.     The  numbers  of  landings  on  the 
various  host  plants  were  about  equal  (small  differences  did  occur,  probably  due 
to  color  differences  between  the  leaves) .     The  numbers  of  takeof f s  after  first 
landings,  however,  differed  strongly  (fig.  1).     On  a  "bad"  host  plant  (paprika, 
for  example),  the  number  of  takeof fs  was  high,  the  percentage  time  spent  on  the 
leaf  low,  and  the  number  of  position  changes  again  high.     In  contrast,  no  take- 
offs  were  seen  on  a  "good"  host  plant  (aubergine,  for  example),  about  100  per- 
cent of  time  was  spent  on  the  leaf,  and  almost  no  position  changes  on  the  leaf 
were  measured. 

When  whiteflies  were  released  in  a  cage  with  the  four  host-plant  species, 
the  initial  distribution  over  the  host  plants  was  random.  Half  an  hour  after- 
wards, however,  a  redistribution  had  taken  place.  Eventually,  most  whiteflies 
were  found  on  aubergine,  the  next  highest  number  on  cucumber,  followed  by  toma- 
to, and  finally  paprika.  We  measured  life  span,  fecundity,  oviposition  fre- 
quency, developmental  period,  and  mortality  on  the  four  host  plants,  and  found 
the  following  correlations. 

The  higher  the  number  of  whiteflies  counted  on  a  host  plant  after  some 
time  (in  decreasing  rate:  aubergine,  cucumber,  tomato,  paprika),  the  higher  the 
total  number  of  eggs  laid  per  female,  the  higher  the  oviposition  frequency,  the 
longer  the  life  span  of  the  females,  the  shorter  the  complete  developmental 
period,  and  the  lower  the  mortality  of  all  stages.     Thus,  our  main  conclusion 
is  that  host-plant  selection  with  regard  to  these  four  host-plant  species  for 
the  whitefly  must  have  a  biological  significance:  the  more  a  host  plant  is 
chosen,  the  better  is  its  quality  to  the  whitefly.     For  details  about  all 
above-mentioned  experiments,  see  Woets  and  van  Lenteren  (1976). 


+  =  Fast  (developmental  rate),  or  good  (control  success),  or  high  (para- 
sitization efficiency) . 
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Figure  1. — Mean  number  of  takeoffs  per  total  observation  period  of 
about  7  to  8  hours;  mean  percent  of  the  total  observa- 
tion period  spent  on  the  leaf  after  the  first  landing; 
and  mean  number  of  position  changes  per  observation 
period.    All  means  with  standard  deviations.     E  =  egg- 
plant or  aubergine,  C  =  cucumber,  T  =  tomato,  P  =  paprika. 


INTERACTION  OF  E_.  formosa  AND  T_.  vaporariorum 
ON  DIFFERENT  HOST-PLANT  SPECIES 

E_.  formosa  does  not  show  a  clear  preference  to  plant  species  offered  to 
it.    However,  the  wasp  does  clearly  prefer  plants  infested  with  whiteflies 
above  noninfested  plants. 

As  soon  as  the  parasite  arrives  at  the  underside  of  a  leaf  with  hosts,  it 
starts  to  drum  with  its  antennae  on  the  leaf  surface.     Searching  is  not  di- 
rected towards  larvae  of  certain  stages  especially  suitable  for  oviposition; 
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the  wasp  walks  in  a  random  way.     The  probability  of  encountering  a  host  is 
equal  to  the  proportion  of  the  outline  of  that  particular  host  to  the  summed 
outlines  of  all  hosts  present  on  the  leaf  part  (van  Lenteren  et  al.  1976a). 
The  parasitization  efficiency  is  determined  by  (a)  the  leaf  structure  (which 
determines  the  walking  speed  and  walking  pattern  of  the  wasps) ,   (b)  the  amount 
of  honeydew  on  the  leaves  (which  impels  the  wasps  to  prolonged  preening) ,  and 
(c)  the  number  of  hosts  of  a  suitable  stage. 

The  third-  and  f ourth-instar  larvae  and  the  prepupae  of  the  whitefly  are 
selected  for  oviposition  (fig.  2);  host  feeding  predominantly  takes  place  on 
(unparasitized)  younger  larvae  and  pupae  (Nell  et  al.  1976). 


11      12     13     14     PP      P     all  stages 


Figure  2. — Percentage  rejection  after  antennal  test  (open  column), 
percentage  rejection  after  ovipositional  test  (hatched 
column) ,  and  percentage  acceptation  (solid  column)  of 
Trialeurodes  vaporariorum  by  Encarsia  formosa . 

Analysis  of  the  oviposition  behavior  of  the  wasp  towards  unparasitized  and 
parasitized  host  larvae  showed  that  she  is  able  to  discriminate  between  these 
two  groups  and  that  she  avoids  ovipositing  in  parasitized  hosts  (van  Lenteren 
et  al.  1976b,  and  fig.  3) . 
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before  after 
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Figure  3. — Percentage  rejection  of  hosts  before  and  after  the  first 
oviposition  (number  of  contacts  with  unparasitized  hosts, 
about  700;  with  parasitized  hosts,  about  300). 
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When  all  hosts  encountered  are  found  to  be  parasitized,  the  wasp  will 
leave  the  site.     The  positive  relation  found  between  the  degree  of  parasitiza- 
tion  and  tendency  to  migrate  is  of  high  importance  for  the  parasitization  effi- 
ciency; the  wasp  will  part  from  leaves  with  parasitized  hosts  rather  quickly 
and  starts  searching  for  unparasitized  hosts. 

DIFFERENCES  IN  SUCCESS  OF  CONTROL  ON  THE  FOUR  HOST-PLANT  SPECIES 

During  the  research  just  described,  we  found  that  a  combination  of  factors 
is  responsible  for  the  differences  in  control  success  on  the  various  host 
plants . 

a.  Causes  of  the  good  control  on  tomatoes. — Tomato  is  not  a  very  good 
host  plant  for  the  whitefly  compared  with  aubergine  and  cucumber.     Life  span 
of  the  whitefly  is  relatively  short;  total  number  of  ovipositions ,  oviposition 
frequency,  and  rate  of  development  are  low;  and  larval  mortality  is  rather  high. 

To  the  wasps,  on  the  other  hand,  this  plant  presents  a  rather  good  "work- 
ing surface."    Neither  the  small  hairs  nor  the  type  of  venation  hampers  the 
wasps  seriously  in  searching  for  hosts.     Furthermore,  E_.  f ormosa  shows  a 
strong  functional  response  to  whitefly  in  tomato  cultures:  the  percentage  para- 
sitization increases  with  increasing  whitefly  density.     Thus,  the  parasite  is 
able  to  control  the  whitefly  satisfactorily. 

b.  Causes  of  bad  control  result  on  cucumber. — Although  the  English  work- 
ers on  this  problem  mention  good  control  possibilities  of  whitefly  in  cucum- 
bers, our  efforts  to  this  end  failed.     This  difference  in  result  may  partly  be 
caused  by  a  difference  in  introduction  method  (Hussey  and  Bravenboer  1971,  van 
Lenteren  et  al.  1976c,  Woets  1973). 

As  compared  with  the  situation  on  tomato  as  host  plant,  all  the  relevant 
population  parameters  of  the  whitefly  measured  are  more  positive  on  cucumber 
(long  life  span,  high  total  number  of  ovipositions,  oviposition  frequency  and 
rate  of  development,  and  low  larval  mortality).     Hence,  on  cucumber,  population 
growth  of  whitefly  is  very  fast. 

These  mere  facts  already  cause  an  important  difference  in  control  possi- 
bilities.    Moreover,  some  other  factors  unfavorable  to  the  parasite  play  a 
role. 

The  parasitization  efficiency  of  E_.  f ormosa  on  cucumber  leaves  is  much 
lower  than  on  tomato  leaves  because: 

1)  the  wasp  is  strongly  hampered  by  the  retiform  venation  and  by  the  relatively 
large  hairs  (walking  speed  on  cucumber  is  about  half  of  that  on  tomato:  3.3 
mm/ sec  versus  5.9  mm/sec),  so  much  so  that  the  probability  of  meeting  hosts 
is  much  lower  on  cucumber ; 

2)  the  wasp  spends  more  time  in  preening  her  body,  which  becomes  dirty  from 
honeydew  present  upon  the  long  hairs.     Wasps  on  cucumber  spent  20  percent  of 
their  time  in  preening,  those  on  tomato  only  10  percent;  and 

3)  the  wasp  does  not  show  a  strong  functional  response:  the  percentage  parasi- 
tization decreases  slightly  with  increasing  whitefly  density.     This  is  cer- 
tainly partly  caused  by  the  increasing  amount  of  honeydew  present  on  the 
leaves,  as  a  result  of  which  the  percentage  time  spent  in  preening  increases. 

c.  Causes  of  the  moderate  control  on  aubergine. — The  fact  that  control  on 
aubergin^        ^etter  than  on  cucumber  seems  to  be  unexpected  at  first  sight  be- 
cause r"  a  conditions  for  the  whitefly  are  better  than  on  cucumber.     However,  on 
ai,Vpr?ine  leaves  the  wasp  is  less  hampered  in  its  locomotion  (walking  speed  is 
h      _r  and  percentage  time  spent  in  preening  is  lower) . 
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Still,  for  a  sufficient  control,  many  more  parasites  have  to  be  introduced 
(14  wasps  per  aubergine  plant,  instead  of  5  on  tomato),  and  it  is  not  always 
possible  to  control  the  whiteflies  biologically  during  the  whole  growing  season. 

d.     Causes  of  the  sufficient  control  on  paprika. — Incidentally,  whitefly 
has  to  be  controlled  on  paprika.     A  good  control  is  easily  obtained  because: 

1)  paprika  is  an  extremely  bad  host  plant  for  whitefly  (both  to  larvae  and 
adults);  and 

2)  conditions  for  the  parasite  are  rather  good,  the  leaves  are  smooth  and  the 
wasp  is  hardly  hampered  by  obstacles.     Parasitization  efficiency,  therefore, 
is  high. 

This  kind  of  detailed  research  gives  us  keys  for  obtaining  better  control 
results  for  aubergine  and  cucumber;  we  know  where  to  tackle  the  problems. 
Similar  research  has  been  initiated  to  develop  a  biological  control  program  for 
Thrips  tabaci  and  aphid  species.     The  crop  growers  in  The  Netherlands  react 
quickly  to  new  control  possibilities  (table  1).     The  integrated  control  pro- 
grams developed  up  to  now  are  given  in  tables  2-4. 


Table  2  .—Integrated  scheme  for  paprika,  1976 


Tetranychus  urticae  Koch 
(twospotted  spider  mite) 

Phytoseiulus  persimilis  A. -H. ,  as  supplement: 
cyhexatin  (Plictran) , ^  fenbutatinoxide  (Torque) 

Thrips  tabaci  Lind. 

diazinon,  dichlorvos,     sulfotep  (Bladafum) 

Hemitarsonemus  latus  Banks 
(broad  mite) 

dicofol,     cyhexatin  (Plictran) 

Lygus  pabulinus  L.  (bug) 

3 

trichlorfon  (Dipterex) 

Diataraxia  oleracia  L. 
(butterfly  caterpillar) 

o 

carbarylJ 

Myzus  persicae 
(green  peach  aphid) 

pirimicarb 

x  Trade  names  are  in  parentheses. 

2  Integration  possible  if  application  is  timed  carefully. 

3  Integration  impossible. 


Table  3. — Integrated  scheme  for  tomatoes,  1976 


Trialeurodes  vaporariorum  (Westwood) 
(greenhouse  whitefly) 

Tetranychus  urticae  Koch 
(twospotted  spider  mite) 

Liriomyza  bryoniae  Kalt. 
(tomato  leafminer) 


Encarsia  f ormosa  Gahan 

cyhexatin  (Plictran),"*"  dicofol  (Kel- 
thane) ,  fenbutatinoxide  (Torque), 
Phytoseiulus  persimilis  A.-H. 

In  nursery:  sulfotep  (Bladafum),  or 
soil  drench  of  diazinon.  Before  Encar- 
sia introduction:  malathion  dust  and 
removing  leaves  with  smaller  mines. 
After  Encarsia  introduction:  organo- 
phosphorus  compounds^  


1  Trade  names  are  in  parentheses, 

2  Integration  impossible. 
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Table  4. — Integrated  scheme  for  cucumbers,  1976 


Tetranychus  urticae  Koch 
(twospotted  spider  mite) 

Trialeurodes  vaporariorum  (Westwood) 
(greenhouse  whitefly) 

Spaeroteca  fuliginea  (Schlecht, 
ex  Lk.)  Poll  (mildew) 

Thrips  tabaci  Lind . 


Aphis  gossypii  Glover 
(cotton  aphid) 


Phytoseiulus ,  as  supplement:  cyhexatin 
(Plictran) ,1  f enbutatinoxide  (Torque) , 
propargite  (Omite) 

hydrocyanic  gas 


pyrazofos  (Curamil) ,  Plondrel,  tri- 
forine  (Funginex) 

9 

diazinon,  nicotine,  dichlorvos,  sul- 
fotep  (Bladafum)z 

pirimicarb,  diazinon 


1  Trade  names  are  in  parentheses. 

2  Integration  possible  if  application  is  timed  carefully. 
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BIOGEOGRAPHIC  AND  AGRONOMIC  PROBLEMS  RELATING  TO  THE  UTILIZATION 
OF  BIOCONTROL  ORGANISMS  IN  COMMERCIAL  GREENHOUSES 
IN  THE  CONTINENTAL  UNITED  STATES 


Floyd  F.  Smith  and  Ralph  E.  Webb 

Abstract 

Approximately  30  pest  species  attack  greenhouse  vegetables  and 
ornamentals  in  the  United  States.     Infestation  sources  are  (1)  sea- 
sonal long-distance  migrations  and  dispersal  flights  from  subtropical 
regions,  (2)  invasion  of  greenhouses  from  local  crops  and  weeds,  (3) 
introductions  on  infested  plants  or  cuttings,   (4)  introductions  on 
contaminated  containers,   (5)  continuing  infestations  from  preceding 
crops,  and  (6)  contaminated  bedding  plants  and  foliage  plants.  We 
feel  that  effective  pest  management  with  main  dependence  upon  bio- 
control  would  require  extensive  changes  in  crops  grown,  limitation 
to  certain  regions,  and  strict  adherence  to  outlined  procedures  ap- 
proaching regimentation. 

LONG-DISTANCE  MIGRATION  AND  DISPERSAL 

« 

In  the  United  States,  the  sites  for  growing  of  greenhouse  vegetables  and 
ornamentals  and  of  mushrooms  may  be  subject  to  local  zoning  regulations  for 
commercial  ventures ;  but,  otherwise,  the  growers  choose  their  locations  and  kind 
of  crops  they  grow  for  economic  reasons  or  personal  preferences.    As  a  result, 
greenhouses  are  widely  distributed  in  all  50  States  and  vary  in  size  from  sev- 
eral hectares  to  small  family-operated  units.     Crops  grown  are  not  only  influ- 
enced by  climate  in  the  various  regions  but  also  by  the  pest  species  resident 
for  each  area  and  the  intensity  of  the  surrounding  pest  infestation. 

The  important  greenhouse  vegetable  and  ornamental  producing  areas  of  Eu- 
rope, but  especially  The  Netherlands,  Germany,  France,  and  the  southern  part  of 
England,  are  located  45-53°  N.  latitude,  although  these  areas  are  affected  by 
the  Gulf  Stream.     In  contrast,  the  greenhouse  crops  in  the  continental  United 
States  and  Canada  are  located  30-45°  N.  latitude  (minimum  temperature  to  -30 
or  -35°  C,  Zone  3  [Howard  1948],  and  summer  temperatures  5  to  10°  C  higher  than 
in  northern  Europe) .     Furthermore,  insect  migration  to  the  middle  and  northern 
parts  of  the  United  States  is  facilitated  by  the  continuous  landmass  connec- 
tions with  the  southern  subtropical  areas  of  Florida  and  Texas  that  extend 
southward  to  25°  N.   (minimum  temperature  0-5°  C,  Zone  10).    Moreover,  the  moun- 
tain chains  in  North  America  extend  generally  north  to  south,  providing  little 
in  the  way  of  natural  barriers  to  pest  migration,  in  contrast  to  the  mountain 
ranges  that  extend  east  to  west  in  Europe.     In  fact,  the  mountains  in  America 
channel  the  migration  routes  of  several  species.     A  number  of  important  agri- 
cultural pests  breed  throughout  the  year  in  these  southern  areas  or  they  sur- 
vive the  winters,  build  up  high  populations  in  the  spring,  and  disperse 
northward  as  they  develop  new  generations  and  infest  later  planted  crops  (West- 
cott  1973). 


Florist  &  Nursery  Crops  Laboratory,  Beltsville  Agricultural  Research 
Center,  Agricultural  Research  Service,  USDA,  Beltsville,  Md. 
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We  shall  cite  a  few  examples  of  seasonal,  long-distance  migrations  and 
dispersal  flights  from  subtropical  regions  by  insects  that  attack  greenhouse 
crops . 

The  flower  thrips,  Frankliniella  tritici  (Fitch.),  in  successive  genera- 
tions, move  northward  by  adult  flight,  aided  by  winds,  from  Gulf  States  to 
northern  States.     Peaks  of  infestation  vary  from  early  May  in  Georgia,  to  mid- 
June  in  Maryland,  to  mid- July  on  Long  Island  (Webb  et  al.  1970). 

Every  2  or  3  years,  unpredictably,  for  a  period  of  about  a  month,  earlier 
in  the  south,  lat  er  in  the  north,  extremely  large  numbers  of  these  thrips  fly 
through  greenhouse  ventilators  and  wreak  havoc  on  a  variety  of  f loricultural 
crops  unless  virtually  daily  pesticide  treatments  are  applied;  though    in  some 
cases  this  attack  may  be  mitigated  to  an  extent  by  screening  the  ventilators 
(Henneberry  et  al.  1959). 

The  cabbage  looper,  Trichoplusia  ni  (Hiibner) ,  breeds  during  the  winter  in 
southern  Florida.  Adults  disperse  northward  and  infest  spring  vegetable  crops 
in  successive  generations.  In  Maryland,  the  first  moths  are  captured  in  light 
traps  in  August  and  September.  They  enter  greenhouses,  especially  if  lighted, 
and  their  larvae  damage  greenhouse  chrysanthemums,  snapdragons,  lettuce,  cucum- 
bers, and  tomatoes  in  successive  generations  through  fall  and  winter  months  un- 
less controlled. 

The  corn  earworm,  Heliothis  zea  (Boddie) ,  survives  the  winter  as  pupae  in 
the  southern  United  States  (Metcalf  and  Flint  1962,  p.  499).     Moths  infest  corn 
and  other  vegetable  crops  in  their  northward  dispersal.     Larvae  from  local  peak 
infestations  in  September  and  October  damage  flowers  of  greenhouse  chrysanthe- 
mums and  fruits  of  the  fall  crop  of  tomatoes.     Fall  armyworms,  Spodoptera  fru- 
giperda  (J.  E.  Smith)   (Metcalf  and  Flint  1962,  p.  474),  and  aster  leafhoppers, 
Macrosteles  fascifrons  (Stal),  also  disperse  northward  for  hundreds  of  miles. 
The  armyworms  infest  greenhouse  crops  in  September;  the  leafhoppers  infect 
weeds,  outdoor  ornamentals,  and  vegetables  with  aster  yellows  during  their 
northward  dispersal  in  spring,  and  local  infestations  introduce  the  disease  into 
the  fall  crops  of  tomatoes. 

INVASION  OF  GREENHOUSES  FROM  LOCAL  CROPS  AND  WEEDS 

The  onion  thrips,  Thrips  tabaci  Lindeman,  that  infest  outdoor  vegetable 
crops,  ornamentals,  and  weeds,  also  invade  greenhouses  during  the  summer  and 
fall  (Smith  1958a).  Infestations  persist  through  the  winter  period  on  roses, 
carnations,  chrysanthemums,  cucumbers,  and  tomatoes  unless  controlled. 

Aster  leafhoppers,  entering  greenhouses  from  local  weeds,  aster,  or  let- 
tuce, transmit  aster  yellows  to  fall  crops  of  greenhouse  tomatoes  and  chrysan- 
themums . 

Cucumber  mosaic,  transmitted  by  melon  aphids,  Aphis  gossypii  Glover,  en- 
tering the  greenhouses  through  ventilators,  is  a  common  pest  in  U.S.  greenhouse 
crops  and  is  potentially  the  most  serious  disorder  of  cucumbers  in  Ontario 
greenhouses.    Loughton  (1975)  states  that  control  is  largely  a  matter  of  pre- 
vention by  destroying  infected  outdoor  crops  and  weeds  and  removing  infected 
greenhouse  cucumbers  with  attendant  aphids.     Spotted  and  striped  cucumber 
beetles,  Diabrotica  undecimpunctata  howardi  Barber  and  Acalymma  vittata  (Fa- 
bricius) ,  on  cucumbers  and  black  vine  weevils,  Brachyrhinus  sulcatus  (Fabri- 
cius),  are  local,  occasional  invaders;  green  peach  aphids,  Myzus  persicae 
Sulz.,  and  potato  aphids,  Macrosiphum  euphorbiae  (Thomas),  are  regular  invaders 
in  the  spring  and  autumn  (Metcalf  and  Flint  1962,  p.  510,  629;  Smith  1932, 
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1958a,  1962). 

Given  the  cool  growing  conditions  that  favor  their  buildup,  these  aphids 
reproduce  far  faster  than  their  insect  enemies  until  warm  temperatures  occur  in 
late  spring.     The  present  need  to  grow  all  crops  at  minimum  temperatures  to 
conserve  energy  resources  reduces  the  effectiveness  of  aphid  parasites  as  well 
as  greenhouse  whitefly,  Trialeurodes  vaporariorum  (Westwood) ,  parasites. 

INTRODUCTION  ON  INFESTED  PLANTS  OR  CUTTINGS 

Growers  of  greenhouse  ornamentals  throughout  the  country  depend  upon  a  few 
specialists  for  their  cuttings  and  young  plants  for  flower  or  foliage  plant 
crops  that  are  transported  long  distances  by  air  or  trucks  (Smith  1962,  Smith 
et  al.  1962).     As  it  happens,  most  of  these  specialists  locate  in  the  warmer 
areas  (for  economic  reasons)  where  they  are  vulnerable  to  season-long  infesta- 
tions by  overwintering  pests.     Greenhouse  whiteflies  are  probably  most  fre- 
quently present.     Additionally,  spider  mites,  Tetranychus  urticae  Koch  and  T_. 
cinnabarinus  (Boisduval) ;  cyclamen  mites,  Steneotarsonemus  pallidus  (Banks); 
broad  mites,  Polyphagotarsonemus  latus  (Banks);  bulb  mites,  Rhizoglyphus  echi- 
nopus  Fumouze  and  Robin;  plume  moths,  Platyptilia  pica  Walsingham;  root  and 
foliar  mealybugs,  Rhizoecus  falcifer  Kiinckel  d'Herculais  and  Planococcus  citri 
Risso;  leafminers,  Liriomyza  sativae  Blanchard;  soft  scales,  Coccus  hesperidum 
Linnaeus;  and  aphids  are  frequently  included  with  consignments  of  cuttings  or 
young  plants.     Populations  of  beet  armyworms,  Spodoptera  exigua  (Hiibner)  ,  be- 
ginning from  a  few  egg  clusters  shipped  in  on  chrysanthemum  cuttings,  build  to 
the  point  where  they  quickly  destroy  terminal  shoots  and  axillary  buds  on  hun- 
dreds of  plants  unless  a  series  of  carefully  timed  treatments  are  initiated 
promptly  after  the  first  larvae  are  observed. 

INTRODUCTION  ON  CONTAMINATED  CONTAINERS  OR  PLANT  PRODUCTS 

The  tomato  pinworm,  Keif eria  lycopersicella  (Walsingham) ,  is  one  of  the 
worst  pests  of  field-grown  tomatoes  in  southern  States  and  California.     It  also 
damages  greenhouse  tomatoes;  and,  once  established  in  tomato  greenhouses,  it 
persists  in  northern  areas  by  alternating  between  outdoor  and  greenhouse  crops. 
This  microlepidopteran  is  transported  as  eggs  on  young  plants  or  as  larvae  or 
pupae  on  fruits  and  contaminated  containers. 

Corn  earwcrms  also  develop  locally  in  northern  areas  from  larvae  shipped 
northward  in  sweet  corn  and  green  beans. 

CONTINUING  INFESTATIONS  FROM  PRECEDING  CROPS 

Previously  discussed  pests  on  crops  reproduced  by  cuttings  or  grafts  or 
those  surviving  on  crop  residues  readily  persist  from  old  to  new  crops,  es- 
pecially when  continuous  staggered  crops  are  grown  within  the  same  greenhouse 
complex. 

Cyclamen  mites,  mealybugs,  whiteflies,  spider  mites,  aphids,  thrips,  and 
leafminers  increase  to  damaging  numbers  if  the  grower  fails  to  recognize  the 
infestation  promptly  and  to  apply  appropriate  control  measures. 

Recurring  pest  problems  each  year  include  aphids,  whiteflies,  and  leaf- 
miners  that  breed  on  outdoor  crops  (beans,  tomatoes,  cucurbits,  ornamentals, 
and  weeds)  during  the  summer,  disperse  late  in  the  season,  and  reenter  green- 
houses.    This  is  especially  true  when  growers  plant  gardens  near  their  green- 
houses . 
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BEDDING  AND  FOLIAGE  PLANTS 


The  bedding  plant  industry  has  grown  during  the  last  10  years  from  an  in- 
cidental sideline  activity  of  greenhouse  vegetable  growers  and  wholesale  flor- 
ists into  the  present  220  million  dollar  industry  involving  10,000  to  12,000 
bedding  plant  growers  located  throughout  the  United  States  (Voight  1976a, 
1976b) .     Homeowners  who  formerly  purchased  seeds  and  grew  their  own  plants  for 
vegetable  gardens  and  flowerbeds  now  procure  at  least  some  of  their  plants 
from  these  specialty  growers  either  directly  or  through  local  garden  centers, 
supermarkets,  or  roadside  stands.     Thus,  the  homeowner  can  procure  numerous 
new  and  improved  varieties  of  vegetable  plants  and  flowers  as  they  become 
available  from  breeders  operating  in  various  parts  of  the  world.     However,  he 
may  also  procure  one  or  more  insect  or  mite  pests  on  these  plants  that  origi- 
nated with  the  grower  or  in  the  market  where  they  were  contaminated  by  mixing 
lots  of  plants  from  different  sources.     Thus  are  these  pests  widely  spread 
throughout  the  community  and  become  especially  damaging  since  they  are  intro- 
duced early  in  the  growing  season  and  have  the  entire  summer  in  which  to  mul- 
tiply and  provide  additional  sources  of  infestations  that  may  invade  green- 
houses . 

Bedding  plants  occupy  the  greenhouses  from  late  winter  through  spring 
months  (February  to  July) .     Usually  the  growers  utilize  their  greenhouses  for 
a  fall  crop  of  tomatoes  or  poinsettias  that  may  become  infested  with  white- 
flies  or  other  pests  and  serve  as  a  source  of  infestations  on  the  succeeding 
crop  of  bedding  plants. 

Similarly,  house  and  foliage  plants  contaminated  as  above  are  bought  by 
unsuspecting  homeowners.     Hitchhiking  pests  spread  from  these  plants  to  infest 
all  the  houseplants  possessed  by  these  homeowners. 

CONCLUSION 

We  feel  that  the  successful  pest  management  schemes  reported  from  Europe, 
with  emphasis  on  biocontrol,  are  greatly  helped  by  the  northern  latitudes  and 
cooler  temperatures  prevailing  there  and  by  east-west  mountain  chains  that  re- 
tard the  seasonal  migration  of  numerous  pest  species.     This  results  in  a 
limited  number  of  pest  species,  principally  aphids,  mites,  and  whiteflies,  that 
occur  very  predictably  and  are  thus  amenable  to  a  coherent  pest  control  strate- 
gy featuring  biocontrol. 

In  contrast,  conditions  in  North  America  are  far  different.    While  bio- 
control strategies  similar  to  those  practiced  in  Europe  can  be  envisaged  for 
spider  mites,  aphids,  whiteflies,  or  leafminers,  unfortunately,  any  one  of  20 
or  more  "sporadic"  greenhouse  pests  (Smith  1958b)  can  be  introduced  from  one  of 
a  number  of  different  sources,  thus  requiring  emergency  spot  treatment.     In  a 
few  cases,  selective  pesticides  might  be  used  that  would  not  confound  a  parti- 
cular biocontrol  system.     However,  the  entire  picture  now  becomes  so  complex  as 
to  render  the  practicality  of  such  systems  quite  remote. 

On  the  basis  of  the  evidence  presented,  we  believe  that  effective  pest 
management  over  a  broad  segment  of  the  greenhouse  industry  in  the  United  States 
with  main  dependence  upon  biocontrol,  while  possible,  will  require  careful  sur- 
veillance and  prompt  use  of  supplemental  treatments  to  meet  emergencies  and 
prevent  crop  losses,  plus  the  acceptance  of  lower  standards  of  consumer  accept- 
ability.    Given  the  present  limited  arsenal  of  selective  pesticides  and  the 
laclc  of  pesticide-resistant  biocontrol  agents,  the  chance  of  such  strategies  in 
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North  America  seems  slim.     Bravenboer  (1975)  reported  similar  complications  in 
biological  control  experiments  in  Holland  for  the  control  of  one  pest  and  the 
buildup  of  another  pest  species  that  required  a  chemical  treatment  to  save  the 
crop . 

The  alternative  would  require  extensive  changes  such  as  localization  of 
growing  areas,  limiting  the  crops  grown  in  greenhouses  and  surrounding  areas, 
and  strict  adherence  to  outlined  procedures  which  would  be  so  costly  that 
growers  would  be  driven  out  of  business. 

The  recent  report  that  pesticide-resistant  Phytoseiulus  persimilis  has 
been  found  in  Holland  is  most  encouraging.     The  pest  management  program  will 
be  less  complex  when  this  and  other  resistant  parasites  and  predators  become 
available. 
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PROBLEMS  AND  PROMISE  OF  BIOLOGICAL  CONTROL 
IN  PROTECTED  CULTURE  CROPS:  GROUP  DISCUSSION 


Maurice  J.  Tauber 


Following  the  paper  presentations,  there  was  a  lively  discussion  by  sym- 
posium participants  and  members  of  the  audience.     Initially,  the  participants 
identified  existing  problems  and  future  possibilities  in  their  own  areas  of 
research.     Subsequently,  much  of  the  discussion  focused  on  the  practicality  of 
introducing  integrated  control  procedures,  in  general,  and  biological  control, 
in  particular,  into  commercial  greenhouse  crop  production. 

Some  of  the  uncertainty  concerning  the  use  of  biological  control  origi- 
nated from  assumptions  that  were  expressed  or  implied,  as  follows. 

1.  Routine,  preventive  application  of  pesticides  to  greenhouse  crops  is 
an  essential  procedure. 

2.  There  is  a  lack  of  well-developed  biological  control  programs  that  can 
replace  chemical  control  methods. 

3.  Growers  are  unconvinced  that  biological  control  and/or  integrated  con- 
trol could  be  relied  on  to  protect  their  high  value  crops  against  multiple 
pest  infestations,  particularly  ornamental  crops  with  low  economic  injury 
levels.     Therefore,  it  is  unlikely  that  growers  would  abandon  chemical  control 
procedures  and  risk  using  these  alternate  control  methods. 

4.  A  totally  damage-free  and  pest-free  crop  is  essential  for  successful 
marketing,  particularly  in  the  case  of  ornamental  crops.     This  requirement 
precludes  the  use  of  biological  control. 

5.  Even  if  biological  control  agents  are  successful  in  reducing  pest 
populations,  a  small  residue  of  beneficial  insects  would  be  unacceptable  to 
the  ultimate  consumer. 

In  contrast  to  the  above  outlook,  other  discussants  expressed  the  follow- 
ing views. 

1.  From  a  theoretical  aspect,  greenhouse  crops  provide  an  excellent  op- 
portunity for  biological  control  and/or  integrated  control.     This  conclusion 
is  based  on  (a)  the  relatively  high  degree  of  isolation  of  the  greenhouse  crop 
from  potential  pests,  and  (b)  the  stability  of  the  physical  factors  within  the 
greenhouse  environment.     These  characteristics  promote  biological  and  inte- 
grated control  approaches  to  pest  management.     It  has  long  been  recognized 
that,  although  physical  conditions  in  protected  culture  crops  are  highly  fa- 
vorable for  pest  population  increase,  these  conditions  can  also  be  adjusted  to 
favor  the  beneficial  species  that  are  normally  excluded  from  protected  envi- 
ronments . 

2.  There  are  a  number  of  successful  programs  in  Europe  and  North  America 
in  which  fully  marketable  products,  both  food  and  ornamentals,  are  commercial- 
ly produced  under  biological  and  integrated  control  programs  in  the  green- 
house, e.g.,  tomatoes  and  cucumbers.     Furthermore,  the  reduction  of  chemical 
pesticide  applications  has  resulted  in  increased  crop  yields  and  decreased 
labor . 

3.  At  present  relatively  small  commercial  firms,  as  well  as  chemical  pes- 
ticide manufacturing  companies,  are  exploring  the  practicality  of  rearing 
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beneficial  arthropods.     With  advances  in  rearing  techniques,  more  firms  would 
probably  be  attracted  to  mass-rearing  and  marketing  beneficial  insect  and  mite 
species . 

4.  There  is  an  increasing  need  for  alternatives  to  conventional  pest  con- 
trol methods  in  greenhouses  because  of  problems  associated  with  (a)  resistance 
to  pesticides,   (b)  lack  of  new  pesticides  for  use  on  minor  crops,   (c)  high 
cost  of  new  pesticides,   (d)  high  cost  of  labor,   (e)  hazards  associated  with 
pesticide  use,  and  (f)  unsightly  residues  on  ornamental  crops. 

5.  Ornamental  crops  under  conventional  chemical  control,  particularly  as 
seen  in  mass-marketing  outlets,  are  not  fully  pest-free.     Biological  control 
methods  can  produce  esthetically  attractive  and  visually  acceptable  plants 
that  are  equal  to  those  produced  with  chemical  pesticides. 

6.  Plants  grown  under  biological  control  systems  could  be  labeled  as  such 
and  thus  be  made  even  more  desirable  to  ecologically  oriented  consumers. 
Thus,  the  small  remnant  of  biological  control  agents  that  might  remain  on  some 
plants  could  be  used  as  a  selling  point. 
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This  publication  reports  research  involving  pesticides. 
It  does  not  contain  recommendations  for  their  use,  nor 
does  it  imply  that  the  uses  discussed  here  have  been 
registered.     All  uses  of  pesticides  must  be  registered 
by  appropriate  State  and/or  Federal  agencies  before  they 
can  be  recommended. 

CAUTION:     Pesticides  can  be  injurious  to  humans,  domestic 
animals,  beneficial  insects,  desirable  plants,  and  fish 
or  other  wildlife — if  they  are  not  handled  or  applied 
properly.     Use  all  pesticides  selectively  and  carefully. 
Follow  recommended  practices  for  the  disposal  of  surplus 
pesticides  and  pesticide  containers. 
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